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Subject: Water Conservation Studies by University of California - Davis (U.C -Davis)

P 0. Box 937
Imperial, California 92251

Dear Mr_ Silva:

This letter is in response to a December 11, 1998, letter from then General Manager,

Michael Clinton, about our meeting regarding the management of Colorado River water supplies
available to California agricultural agencies I introduced the phrase "low hanging fruit" to clarify
the concept of inexpensive Imperial Irrigation District (IID) water conservation. This phrase was
intended to identify water conservation measures which can achieve major water-use reductions
utilizing small additional labor inputs with no resultant yield decreases or increases in soil salinity.
I believe, and stated in our meeting, that studies by U C.-Davis indicate the availability of such
conservation measures to reduce water use at IID

We have reviewed your comments in the December 11, 1998, letter and have consulted with
Dr. Mark Grismer, Professor, U.C.-Davis and Dr. Khaled M Bali, Farm Advisor Irrigation/
Water Management, U C. Cooperative Extension, Imperial County, regarding this matter.

Dr Grismer and Dr Bali indicated that the 1997 professional paper you described was published
in England. It summarized the work accomplished by Dr. Frank Robinson, U.C. Water Scientist,
while he was under contract with the Metropolitan Water District. The quote made in the
December 11, 1998, letter was related to Dr. Grismer’s final summary of Dr. Robinson’s work
regarding dropping summer irrigations of aifalfa when water-use efficiency (in terms of yield per
acre-foot of water applied) is quite low. That is why you may see yield losses of alfalfa and
subsequent salt-leaching required to restore satisfactory soil conditions.

Publication of results of the runoff reduction work of the past 3 years has been limited to annual
progress reports and meetings attended by representatives of IID, Reclamation, and the California
Department of Water Resources. These progress reports indicated that Dr. Grismer and Dr. Baki
have found very little yield reduction in alfalfa and no yield loss in sudan grass over an irrigation
season using the cutoff irrigation method to minimize tailwater runoff The data also indicate that
maintaining a 5 percent runoff volume eliminates any increase in soil salinity for both alfalfa and
sudan grass, and that there may be an average savings of 10-12 percent of applied water for these



crops district-wide, if the runoff-reduction methods were adopted. These progress reports are
enclosed for your review.

Your presentation in our meeting implied that water conservation could only occur through the
relatively expensive tailwater return systems. My comment was intended to point out that farmers
in IID may opt to implement less expensive conservation measures to achieve at least part of the
planned conservation program.

The December 11, 1998, letter also indicated that we have been affected by anti-IID propaganda
put out by junior entitlement holders This simply is not true Reclamation is obligated by

Part 417 of Title 43, Code of Federal Regulations to see that deliveries of Colorado River water
not exceed those reasonably required for beneficial use. In this regard, our goal is to be fair and
objective in our administration of the Colorado River entitlements. While we listen to all sides of

any particular issue, any conclusions we draw are based on our honest interpretation of the facts
involved.

I look forward to our continuing effort to resolve this and other Colorado River issues.

Sincerely,

40 M
Ty "o

Robert W. Johnson
Regional Director

Enclosures - progress reports

cc: Mr. Khaled Bali
Farm Advisor
Cooperative Extension
1050 East Holton Road
Holtville CA 92250-9615
{w/o encs.) |

Dr. Mark Grismer D E @ E {] W] E
Professor of Agricultural Engineering

University Of California MAR 8 1909
Department of LAWR

209 Veihmeyer Hall

Davis CA 95616-3628 IMPERIAL IRRIGATION DISTRICT

GEMERAL MANAGER'S OFFICE

(w/o encs.)






January 3, 1997
To: Fawzi Karajeh - DWR

David Moellenberndt -DWR
David Inouye -DWR

Tim O'Halloran ~-IID

Don Cox-1ID

Refugio Gonzalez -UCCE
Steve Jones -USBR

Kathy Robinson -USDA-NRCS
Mark Grismer- UCD

Rick Snyder- UCD

Dean Currie- Elmore Ranch

Fax (916) 327-1815
Fax (916) 327-1815
Fax (818) 667-4604 "
Fax (619) 339-9262
Fax:(619 339- 9262
Fax (619) 352-0846
Fax (702) 293-8042
Fax (619) 339-9896
Fax (619) 752-5262
Fax:(916) 752-1552
Fax: (619) 344-4067

From: Khaled Bali-UCCE Phone: 619-352-9474, Fax: 619-352-0846, E-mail:kmbali@ucdavis.edu

Subject: Project Advisory Meeting- Runoff Reduction Project

Location: University of California Desert Research & Extension Center, Conference
Room. 1004 E. Holton Rd. Holtville, CA

Date: January 9, 1997
Time: 9:30 am - 12:30 pm

Agenda:
9:30-9:45
9:45-10:15
10:15-11:00
11:00-12:00
12:00-12:30
12:30

Introduction
Tour of research plots

Discussion
Lunch
Adjourn

Presentation of research findings,

Please note that there is an IID Water Conservation Advisory Board meeting on 1/9/97 at
1:30 pm (IID, Water Control Center, 333 Barioni Blvd, Imperial). I'll have a 10-15 min.
presentation about our research project at the meeting,

Thank you in advance for your participation.



SECOND PROGRESS REPORT 12/31/96

Irrigation and Drainage Management and Surface Runoff Reduction in Imperial Valley

Principal Investigators:

Khaled M. Bali, Ph.D.

Farm Advisor, Irrigation/Water Management

University of California Cooperative Extension

UC Desert Research and Extension Center

1050 E. Holton Rd., Holtville, CA 95616-9615

(619) 352-9474 Fax: (619) 352-0846  E-mail: kmbali@ucdavis.edu

Mark E. Grismer, Ph.D.

Professor, Hydrologic Science, Veithmeyer Hall

Land, Air and Water Resources

University of California, Davis, CA 95616

(916) 752-3243  Fax: (916) 752-5262  E-mail: megrismer@ucdavis.edu

Cooperators: Richard L. Snyder, Ph.D,

Bioclimatologist, Atmospheric Science, Hoagland Hall
University of California, Davis, CA 95616
(916) 752-4628 Fax: (916) 752-1552



Summary:

Alluvial clay soil at the University of California Desert Research and Extension Center, Holtville,
CA, was cultivated and alfalfa seeds were planted in November 1995 (Field No. 2). Sudangrass
was planted in April 1996 (Field No. 1). A total of 15 acres are used in this project. The area is
divided into 2 fields each containing separate plantings of alfalfa and sudangrass. Each field
contains 4 borders where each border is 65 ft*1250 ft. Thirty two sampling locations were
established in teach field to evaluate soil moisture and soil salinity at 14 different depths (6 inches
to 9 ft). Moisture contents at all sampling locations were determined by the neutron probe. The
neutron probe was calibrated for each field. Soil moisture measurements were made prior to each
irrigation and 2 or 3 days after each irrigation. Alfalfa and sudangrass hay samples were taken for
yield determination. Summary of alfalfa and sudangrass yield data are presented in the progress
report.

Field No. 1, Crop: Sudangrass

Planting rates and dates: Sudangrass (cv. 'Piper') was planted on April 15, 1996 at the rate of 120
pounds of seed per acre.

Pest control and harvesting: According to the commercial practices of sudangrass production in
Imperial Valley.

Irrigation dates:
1-18-96 (preirrigation)

4-16-96
5-3-96
5-24-96
6-28-96
7-23-96
8-20-96
9-17-96
Sudangrass was cut on.
Cut date Average yield (tons/acre) Average yield (tons/acre)
field wt. adjusted to 10% moisture
6-17--96 2.38 2.37
8-7-96 2.25 2.24
10-10-96 2.13 2.23
Total 1996 6.76 6.84

Soil samples between 3-29-96 and 11-25-96



Field No. 2, Crop: Alfalfa
Alfalfa (CUF 101) was planted on November 7, 1995 at a rate of 30 pounds of seed per acre.

Pest control and harvesting: According to the commercial practices of alfalfa production in
Imperial Valley.

Irrigation Date(s)
11-8-95

12-4 & 12-5-95
1-22 & 1-23-96
3-19-96
4-24-96
5-17-96

6-7-96

7-3-96

8-2-96

9-10-96
11-1-96

12-20-86
Soil samples between 11-3-95 and 11-22-96

Alfalfa was cut on:

Cut date Average yield (tons/acre) Average yield (tons/acre)
L field wt. _ adjusted to_lO% moisture

3-6-96 0.96 0.88

4-17-96 0.91 0.87

5-30-96 1.49 1.40

6-24-96 1.97 1.91

7-24-96 1.08 1.08

8-28-96 0.88 0.77




10-21-96 0.58 0.57
12-11-96 0.55 0.55
| Total 1996 8.42 .03

Alfalfa yields (alfaifa yield next to each of the 32 sampling locations, sample area is 0.91 m*6.10
m) on:

Cut date Average yield (Kg/ha) dry Average yield (tons/acre)
— matter adjusted to 10% moisture

3-4-96 2768 1.34

4-17-96 2801 1.36

5-28-96 3822 1.85

6-24-96 3971 1.92

7-24-96 2896 1.40

8-27-96 1947 0.94

10-15-96 1845 0.89

12-9-96 1402 0.68

Total 21452 10.38

Fields 1 and 2

Colorado River water was applied to all fields. We evaluated the irrigation efficiency of each field
and for each irrigation by taking advance, recession, and flow rate measurements for all borders.
Infiltration rates were evaluated for each irrigation using the advance function. A total of 32 9-ft
neutron probe access tubes were installed in each field (eight neutron probe access tubes were
installed in each border) to characterize soil moisture distribution in the field. Moisture
measurements were taken at depths of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0,4.5,5.0,6.0, 7.0,
8.0, and 9.0 ft prior to and two or three days following each irrigation. Gravimetric soil moisture
samples were taken in the 0-6" depth range because the neutron scattering technique does not
accurately estimate soil moisture content near the surface. Evapotranspiration during and for the
two or three days following irrigations were obtained from CIMIS weather station No. 87 and
were added to the difference in soil moisture prior to and following each irrigation. A total of 32
10-ft observation wells were installed in each field. Water samples from each well were taken for
salinity and Cl analysis of the shallow groundwater. Soil samples from the 32 locations in each
field were taken at various depths to evaluate soil salinity.
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AVAILABILITY OF COLORADO RIVER WATER FOR TRANSFER ™M
SOUTHERN CALIFORNIA

K. M. BALl and R. A. GONZALEZ

University of Californis Desert Resesch and Extension Center, Halvville, CA, USA

Abstract

Colorado River water is the only gvailzble sourea of irrigation snd driaking wescr in
the Impevial Valley. As much ps 345373 ha-3 (2.8 miltioa ac-A1) of Colorado River
waler are tsed every yeat (o imigaic more than 202,342 ha (500,000 acres) of lend in
wlnMdde.mmunmmme
Irrigation District and the Sen Dicgo Comndy Water Authority calls for transfer of op
10 49,337 ba-m (400,000 sc-8) senually of imperial Valley's allotment of Colerado
ijwm.mismdyw“ﬂnmﬂmnﬂmmmidmwwofm
ﬁrm&rwmemmn}mofmm&mm“-ﬁmm
conscrvation memvures; |) implementation of tailwader tetum systema ad 1)
implementation of preasurized irrigation systems. Implemeniation of tilwater retmm
systems is limited to field craps growm on heavry clay soils and implemenmtion of
Jow-valne irrfigation gystems is oniy feasible on specific vegretablc crops.  The
implementation of tailwatsr retum systems will reduce surfuce yunoff from the
current Yallcy-wide zverage of [6.8% (of deliverad wier) o approxinocly 5% and
may yield a maximum potential savings of approximately 24,454 ha-m (193,253 ac-8)
of water. The implementstion of low-volume pressurized irrigation systeoy wsy yicld
a maximum potentials snvipgs of approximately 12,237 ba-m (99,209 ac-ft) of water.
The use of low-volume Irigation sysiems tecuaires high capital investment and
significant chenges in cultural practices, It also  yields higher valu of conserved
mmamm@hﬁl%mwmmmwmmm
yi:ldandknminwﬂsalhﬁtyshmﬂdbemnﬁdudindcmhﬁngmmsﬁc
value of water.

Keyword: Imrigation manzgement, ‘waist svailability, water conservation, water
transfer.

1  Ilatraduction
Water ix a limited resourse in California. Water demands among agriculbsal and

Wazer: Ecopomics, Mancgemsnt ond Demand, Edited by Melvyn Kay, Tom Franka and
Laurence Smith. Publithed in 1997 by E & FN Spon. ISEN O 419 21840 8,
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wrben users in California require strategies far water transfer and mansgement that are
based on practical waler conscrvation practices, Water tansfer and marketing 8
playing & major role in water resourses mansgemnent i Sowhern California. Water
transfers from agricultural to urban reglons ity California have been used a3 2 partial
solution for weter shortages in the stsic through implementation of the wats water
bank during the drought period of [987-92.

in 1989, the Imperial Urigation District (TID) and the Metopoaiitn Water District
(MWD} of Sauthern Californis signed 2 long-term agreement (o tranafer 13.073 ha-m
(106,000 1¢-8) of water to MWD eanually for 35 years. In cxchange for water, MWD
it praviding funds for water conscrvation projecls in the imperial Valley, The price of
transferred waier is sbout $811 per b ($100 per ac-ft, 1989 cost basix), The sanual
pmhmmwmmbmﬁiomﬂinumdwls-mpaiod of the
contract. Most of the conscrved waler came from district-evel conservation projects
such as building new reservoirs and from on-farm water conservation projests.

In 1996, the 11D and the San Diego County Water Authority (SDCWA) started
negotisting another water transfer agreement. The recently moposed water transfer
deaft between 11D and SDCWA calls for transfer of up to 49,339 hu-m (400,000 ac-
f) anmmily of Imperinl Valley's affotment of Colotsds River waler f1]. Water
avxilable for trapsfer must be conserved water from on-farm watsr conservation
programs and district-level structural conservation projects. Mast of water available
foe tranafer may come from on.farm waler conservation projects. This study was
conducted to evaluate the potential availability of water for fransfer and the economic
value of conserved water from two practical on-farm water conservation measures; 1)
implementation of wilwater rstum systems and  2) implemenmation of pressurized
irrigation systems. This smudy considers only the above conscrvation meagures and
does not consider other on-farm or district-level conservation measures that might be
implemented nor does it include the possibility of 2 reduction in farmable land due to
urbanization or fand fallowing. These additional measures are expesied to yicld
additional water savings.

2 Lacation sad history

The Imperial Valley is located abaut 193 km (120 miles) east of S2n Dicgo, CA intbe B
Northwestern Sonormn Desert. The Coloradn River water was diverted to the Vallcy at @
the turn of the twentieth cenmury. Colorado River water i3 diverted to the Vallzy §
through the All American Canal. Approximately 75% of California’s agricuitural
water enritlement of Colorado River water is used in the Imperial Valley, the othet
955 is used in Bard, Palo Verde, and Coechella Vafleys in the southeastern desert
area of California. The Imperial Valley has the largest imrigation delivery systems in
Southern Callfornia and its agriculture contributes about gne billion dollary in gross
income to the Califomis ecodomy [2).

A
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3 Irrigadoa practicss

The Calarado River is the lifeblood of the low desert of Southern Califomia. It id the
only available saurce of isrigation and drinking watey in the [mperial Valley. Ay much
as 145,373 ha-m (2.8 million ac-) of Colorsdn River waler are used every year o
irrigate more than 202,342 ha (500,000 seres) of land in the Imperial Valley. The cost
of water in the Valley ia $97.29 per ha«m ($12 per 2c-f1) in addition to a2 water
availatility charge of $12.36 per ha per year (35 per acre por year), Swfsce immigation,
the primary method for irrigation in the {mpetial Valley, is used an more than 35% of
the irigated fand, Drip brrigation i3 wied on lesy then 5% of the imrigated area snd
mostly on vegetable crops. Field crops & grown on $0% of imigated ltand {2].
Surface and subsnface drainage water from imigated fields aters the Salton Sen
which serves as a deeinage sink for the Imperial and Coschells Valleys (formed in
1905). The Saitcn Sea continues o exist because of the drainage water from
sgriculture in imperial and Coachelly Valleys as well 23 flow of agriculhmal drainage
and untreated and pamially teated sewage fam the Mexicali Valley, Several water
quality jasues exist in the [mperial Valley because of surface and subsurface dreinzage
and its impact on the Sez, for which water conservation and tansfer play a major role.

4 Water conservadon

4.1 [mplementation of trijwater refurn systems

In {983, [ID initiated 3 demonstration peaject (o evaluate the potential use of wilwater
recovery syswems (TRS) in the Vailey {3]. The estimated cost of a runcff regovery
system designed by [1D was about 31,186 per ha {(S480 per acre, 1990 cost basis). The
annuafized pump back systert cost was approximately $173 per ha (870 per acrs,
1990 cost basis) which includes eapital and aperation/maintenance costs, The impacs
of such systems on o0i] salinity were not conclusive [3], Changes In soil saliaity
ranged from 29% higher to 18% lower when compared to coaditions prior to the
constucton of these sysiems. [nereases in sail salipity may cesudt in decline in crop
yield and result in an increase in the cconomic value of conserved water. The
economic valus of conserved water 14 defined here as the costs associated with
conserving a unit of water (ha-m or ac.ft) and includes capital, operational, and
maintenance costs in addition (0 costd related to decline in yield as a result of cartain
waler sonservation measure. Bassd on data svailable 1o date, die costs associated with
decline in crop yield are aegligible with such a system. The effect of expected
increase In soil sallnity and poteotial reduction in crop yield on water valus is also
considered here.

‘Tailwater recovery systema yieldad a 12% potential savings of delivered water {3).
The average agricwural taltwater in the Valley is approdmately 16.8% of applied
water {4}, The average degnb of applied water for sach of the thres major field crops
{51 in the [mperial Valley and the average sereage [2] me shown in Table 1, The
weighied average depth of applied water for thase major field is 1.67 ha-m/ha per year
(5.48 ac-fUac per year). Therefare, ilwater recovery systems yield an average of
0,200 ha-m/ha per year (0.6576 ac-fVfac per year) with an average value of conserved



JUN -19" 98 [FRI} |

313

!

[MPERIAL CTY COOP TEL:760 332 0846 P. 003

41 BALl ond GONZALEZ

water 82 $364.37 per tu-m (§106.45 per &-f, 1990 cost besls). Surnmary of the value
of witer saved and the amour of waler that can be saved acc shown in Table 1. All
values are adjusted 1o account for inflation and reported in 1996 cost basis (31 in 1990
is equivalent to approximstcly $1.23 in 1996).These values arc besed oo the
mmpﬁmthncmmmdwithinqminmi!ulinitymddmﬁminmpyicld
arc negligible. The effest of salinity on crop yield and the economic value of
conserved water is discussed i section 4.2

Table |. Aversge acreage, waier use, and value of conserved waler for major field
ctops in the imperial Valley (1950-1995).

Ceup Area Avg. waler use Vol of cony,  Witer valua® (1996)
(acze) ) water (ac-)  ($ pexac-ft)
Allalz 181,134 6.5 141,783 T10.38
Sudangrasa 63,106 4.3 36,349 14948
Fheat 57,475 30 20,619 23517
“Total 301,515 5.43% 198253 131,220
"Based on negligibie chenges in soil salinity
** Weighted average

Another method was receatly proposed to reduce or eliminate swface runoff
watzr in beavy clay soil (6] The surface nmoff reduction (SRR) method is based an a
relatively simple technique that predicts the cutoff time necessary to mipimize of
eliminate runoff aad to improve water use efficiency. While the method is applicable
for all soils, it works best in heavy clay soils. The method is a combinstion of &
volume balance model [7] and & two-point measurement method (8] The sbjective in 3
henvy clay soil is 10 have enough water to fill soil cracks with litthe or mo runoff. ;
Preliminary results of research conducted at the Univessity of California Desert |
Research and Extension Center in the Imperial Vallay indicate thut the method is
suitable For clay sails, however, an increase in 30il sallnity and 3 reduction in vicld |
weve absorved at the teil end of the Beld. While thers are 1o capital costs assaciated i
with this method, there is the additional time nesded for imigation planning and
mansgement and other costs associated with decline in yield a3 a result of salinity |
buildup in soll The advantage of this wethod is that it can be irmpiemented in
relatively shart period of time in response to thott.lorm water ne=ds by urban regions
in Southern California. 1

The implemenwtion of milwater retzn systems is {imited o fiekd crops grown o1
heavy clay soils. Approximately 60-70% soils in the Imperial Valley are classified a3
heavy clay soil {9). The IID estimates that approximately 40% of heavier soils will §
benefit from tmilwater return sysems [2]. We extimare that at most (21,406 ba J
(300,000 acres) will benefit from the implementation of tailwater retum systenns snd B
surface rupoff reduction method. Ol estimates is based on the average acrcage of §
alfalfie, sudangrass, and wheat betwaen 1990 and 1995 [2]. :

The impicmentation of tilwater retum systems will reduce surface runoff from the
current Valley-wide average of 16.8% (of delivered water) o approximately 4.87.g
and yield a maximum patential savings of approximaisly 24,454 ha-m (198,253 x=-) 8
of water. Because of the large acreage of alfalfz in the Valley and it relmtively hig
consumptive waicr use, water saving from alfalfa is the highest and the value o4
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conserved waier i3 the leass when increases in soil slimity are cegligible. ln addition,
implementation of the sbove methods will reduce surface ¢levation of tha Saiton Ses
and minimize (e smount of agricultural chemicals in runoff water,

42  Effect of sulinity oa crop yiald aad water vaiue

We comsider here the effoct of increases In soil salinity o crop yicld and economic
vaiue of conscrved water for the three mujor fleld crops in the {mparial Valley, The
effeet of soil salinity on crop relative yield can be entimated with followiog equation
[10):

Y = [00-B{EC,a) )
MYB&mhﬁwyidd&rmﬂaliniﬁumsth:duahoﬂcfmygim
mp.ahﬁuuhnldvﬂm(dﬂm)mtkmimmmuﬁniwuwﬁchmm&m
inyicwhomuh%mﬁminyizldpummwdmuww threshold
value, and EC, it the average roat zone salinity. Sofl salinity tevels below the
thmhnidvalwwiilwuﬁmtmpyieuorqmﬁty.mvdmofamdbaﬂz.ﬂ
dS/m and 1.3 % per dS/m for alfalfa, 2.8 dS/m and 4.3 % per dS/m for sudsngrast,
and 5.9 dS/mand 3.3 % per 4S/m for wheat [10).

The valuc of canserved water increases as the average oot 2one salinity cxeseds a
threshold level for & given crop, The value of conserved water can be estimated with
the fallowing equation: .

Vo= (C/WYH(100-Y)*Z/100] v))

where V is the value of conserved water (S per acft), € is cost of water consarvation
measure (3 per ac), W is the amount of conserved water (ac-fi/ac), Y is as defined
abave, Z is the crop value (§ per ac) when the average rool Zone salinity below the
threshald level, Crop values for the three major fisld crops in the Imperial Valley
(obtained from the 1995 Imperial Caunty Agricultural Crop and Livestock roport and
adjusted for inflation to reflect (996 com basis 3l in 1995 i3 equivalent 0
approximately $1.038 in 1996) arc shown in table 2. Fig 1. showa the economic vahi
of conserved water a1 various salinity lovels for major field crops in the Impesial
Valley.

Water valoe (3 per ac-R)

1 e AL = Sixornpro
40 - hvet
a0 |
] /
104+
Q ; ; : —
0 2 4 ] 8

Average toot zone salinity (45/m)

P. 005
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Table 2. Average yicld and srop vahie for major fleld crops in the {mperial Vallcy-

Crep Yield Value per unit* (1996) Yalue pet a*(1996)
(tons per ac) (S per ton) {$ per ac)

Alfalia 7.94 o). 19 \

Sudangrasy &.50 §8.23 471.50

Whest 2.75 176.46 43527

v 1996 value basis

43  I[mplescutation of low-velume irrigation systema

The implomentation of kowevolune ivigation sysicmi is only feasible on specific
wublempu(woﬁmueiym%ofdxirﬁpwdm).mvdmof&n i
dedhwinyieldu\dWmsoiisdinityshouldbemnsim We consider hero

optimun for srop 'n.‘rhemmtofwuntmdbyngmblemvaﬁﬁ
widely, The amount of watey saved from implementation of lowsvolums irrigation
;ygmoavegmhkanpwﬂi vary ainee vcgmhlcmpsmgownnnﬁuu:ﬁm
duting the yesr. The aversge acceags of major vegetable crops grown in (e lenperdal
Valiey and their current consymptive waler usc {11} ae shown in Table 3. These
crops fepresent mare tun 20% of vegetable crops in the Valley during the period
berween 1990 and 1995,

The cost of conversion (6 drip irrigation system varies considerably from one
location to another and depends on many variable related to erop. soil, climate, type of
systen, and WALLT SQUITE. Here, we use the average cost of a typical drip irrigation
system in the Valley of $1332 per ha (3620 per acT=, 1996 cost basis) {11} which
includes costs of the sysiem and labar, We assume the system will last far thres years
or three growing seasofl. The average seasonal cost associate with removal of drip
tape, chemical for maintenance, and additional costs is $193 per season [11]-

Drip irrigation is relatively aew in the imperial Yalley. Crop water use figures for
drip trrigated creps in e Tmperial Valley are not availabte and vary widely depending
on system type (wurface at subsurface), soil type. growing peried (planung and
hatvesting dates), and location (variability in refetence evapotranspiration). Several

snﬁiﬁhavcshownthatvmilcmpwuauscmdcrsuhsurfmmxybctowenhan i

under furrow or sprikler irrigation, cop water use is virnally the same under surfacs
drip and furrow sysems [12]. Therefore, we eonsidered
estimated the minimum, mAXiruTn, and Average tTop waiet \se under drip LTiganes |
for esch of the wmajor vegetable crops in the Valley independeoty from <T0p

coeficients and reference evapatranspimton (13, 14, &15) during the growing

mmn.madﬁdouﬂwmmcdfmm:hingwaswmimdmdaddcdmmp 1
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water use [10]. The prediceed walcruscmdmwwofwmnhumhcsawd from
converting to drip i.ﬁigaximsystcmsmshowninmbls 3. These figwes include
leaching fraction of 15% or a minkmum of 0.10 m {4 in) of water for salt leaching
after esch season. The frequency of leaching depends on crop TYPe, salinity of
irrigation water, and salinity level in the root zone. Dur atsumptions are based on the
|eaching requirements of the most sensitive vegetable crop in the tegion. Leaching
couid be done after cach season using 2 sprinkier irrigetion system of after scversd
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Table 3. Average actcage, CUITOnt water usd and predicted water use flgures far majot
vegetable crops in the Imperial Valley (1990-1995).

Crop Arca Water use {ac-ft/ac) Avg, Cona. watet
(Acmt) Cucent®  Prediced®®  {as.fUac) (-1t}
_ Avg. Range

Head letucse 28376 31w 1.70(1.1.23) 130 36,889
Cantaloupes 20317 375 315 2.7:16) 0.50 12,226

Carrota 13993 175 210(1428) 165 23088
Onions (0524 450 3102438 140 15234
Broccoli 2008 350  200(1426) 150 172
Total 91,478 99.209

W
“Surface tmigatiad, **Drip imigation -

We estimate thet apgroximately 40,459 ba (100,000 acres) will benedit from the
[mplementation of low-volume irmgaton systems. in this analysty, we coasider the
nmnbaafmdu:muidbcmnvmndmdﬁp irrigntion (vegetable cops). The
implementation of low.volume pressusized inigation sysiems will save appeoxdimately
12.237 ba-m (99209 ac-R) &l an average vakue of $2,661 per ham ($328.24 per ac-fl,
1996cnaimis}.Tbcmmtofmmumbeuved:niﬂmvdmofcaumed
watcy are showa int table, 4.

Table 4. Volume and valus of conscrved water for major vegetable crops in the
Imperial Valley (1990-1995).

Crup Vol, of cons, water | Walsr value (1996)
(ac-ft) (3 per ac-fi)

Head fettuce 36,889 30744

Cantaloupes 12226 666,11

Carrols 231,088 24212

Ounions 15,294 28548

Brogeoli 11,712 26647

Total 99,209 32324

* Weighted average

In general, the value of saved water using drip irigation systems is at {cast 250%
higher than the value of conserved water from TRS. However, the value of conserved
water frora TRS increases as sail salinity incrcases due to decline in yield. The use af
lawevalume irrigation sysioma requires bigh capital iovestment and significant
changes in cultural practices. It also yields higher value of conserved waler s
compared to tailwater recovery systems,

5 Conciuslony

The implementation of wilwater o systemns will reduce suriace nmoff from the
current Valley-wide average of 16.8% (of delivered water) to appraximately 5% and

P. 008
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yiekd & poteatial savings of mrproximaiely 24,454 hasm (198,253 ac-ft) of waier, The
implementation of  low-volumc pressrized  ivigation  Jywems il save
spproximately 12,237 ham (99,209 nc-ft). The use of low-volume ifrigation sysicns
requires high capital h\mw:udd:niﬁnmmmiaanmm{ubo
ﬁul&ﬁg}ﬁvﬂuufmumvedmumwndwwmym
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Executive Summary:

Colorado River water is the only source of irrigation and drinking water in the Imperial Valley,
however it contains more salts than any other surface irrigation source in California. As much
as 2.8 million acre-feet of Colorado River water are used every year to irrigate more than
500,000 acres of lands in the Imperial Valley. Surface and subsurface drainage water enters the
Salton Sea which serves as a drainage sink for the Imperial and Coachella Valleys since its
formation in 1905. The Salton Sea continues to exist because of the drainage water from
agriculture in Imperial and Coachella Valleys as well as flow of agricultural drainage and
untreated and partially treated sewage from the Mexicali Valley. Because of drainage and its

impact on the Sea, several water quality issues exist in the Imperial Valley for which water
conservation plays a role.

The Salton Sea water surface elevation has recently (May 1995) reached the highest level in
record since 1920. The overall peak elevation for 1994 exceeds that of 1992 by approximately
0.7-0.8 ft. Surface runoff and subsurface drainage water from agricultural lands in Imperial
Valley contribute to this increase in elevation. Currently, the salinity of the Sea is nearly 46,000
ppm or approximately 130% the salinity of the Pacific Ocean. Our objective is to conduct a
research and demonstration project that will improve irrigation efficiency, reduce surface runoff,
utilize the shallow saline water table for new and improved irrigation and drainage management
practices, determine crop coefficients for two commen field crops (alfalfa and sudangrass) and
increase utilization of CIMIS for irrigation scheduling. We are also planing to publish a
Handbook about the best management practices for reducing surface and subsurface drainage
water. All educational activities will be conducted in cooperation with the Imperial Irrigation
District (IID) and the California Department of Water Resources (DWR).

More than 15% of the delivered irrigation water in Imperial Valley becomes tailwater runoff.
This water transports significant amounts of chemicals that eventually reach the Salton Sea.
Efficient irrigation practices are needed to minimize runoff and to reduce the amount of
chemicals in runoff water. This study will focus on development and demonstration of a new
method to predict irrigation cutoff time from pre-determined soil moisture status of the clay soil
of interest. Issues related to salinity, irrigation management, and water quality will also be
addressed in this project. Since soil salinity and water management are affected by water table
depth, a major part of this study will be to quantify the effect of water table control on soil
salinity, water infiltration rates, and irrigation efficiency. To observe cumulative aspects of

reduced water table depth on soil salinity and consumptive water use, this study will be
conducted for three years.

Our work will focus on field crops, specifically alfalfa and sudangrass. Field crops account for
almost 80% of the 500,000 acres of irrigated land in the Imperial Valley and alfalfa and
sudangrass rank 2nd and 7th, respectively, in terms of total production (1993 Imperial County
Agricultural Crop and Livestock report). These two major field crops were grown on more than
236,000 acres of irrigated lands in Imperial Valley in 1993,
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Educational Elements:

A user-friendly computer program considering practical applications of the BMP’s described in
Handbook will be developed by the principle investigators. The program will include educational
elements about water quality as well as practical applications of surface runoff reduction methods

that will be developed as part of this research project at the University of California Desert
Research and Extension Center.

Other educational forums of this project include:
1. Irrigation Management and Surface Runoff Conference.
2. Field Days (three).
3. UC Publication Best Management Practices Handbook,
"BMPs for Irrigation Management and Surface Runoff Reduction in Clay soils".
4. Computer program and worksheets to improve irrigation efficiency in clay soils

A comprehensive guide to irrigation and drainage management and BMPs for runoff reduction
in the Imperial Valley will be developed by the principal investigators with contributions from
other scientists. This Guide will be completed by December 31 1998 and will be available to
growers and the general public. Several field days and seminars will be conducted during the
project. Field days, seminars and shortcourses will be conducted by the principal investigators
and invited speakers from University of California, Department of Water Resources , Imperial
Irrigation District, and farmers. Findings from this research and demonstration project will be
published in local, statewide, and national agricultural magazines such as California Agriculture,
CA/AZ Farm Press, California Farm Bureau’s Ag. Alert, and scientific journals.

Introduction:

Temporal (during the season) variability of infiltration is often the cause of excessive runoff and
poor irrigation efficiency in heavy clay soils. The ability to predict changes in infiltration
characteristics is the key to improve application efficiency (AE) and distribution uniformity (DU)
of surface irrigation systems (Jensen, 1980). Simulation models of surface irrigation systems
often use the same infiltration function throughout the season. The ability to predict surface
irrigation system performance is directly influenced by temporal and spatial soil variability,

Several investigators have considered different aspects of infiltration variability in irrigated
fields. Izadi and Wallender (1985) quantified the effect of soil variability on infiltration
characteristics. Linderman and Stegman (1971) showed that infiitration characteristics varied
during the season. Vieira et al. (1981) studied the spatial variability of field-measured infiltration
rates. Wallender (1986) developed a volume balance furrow irrigation model with spatially
varying infiltration characteristics and Bali and Wallender (1987) studied the combined effect
of soil variability and intake opportunity time on furrow irrigation systems performance. They
also studied field-measured and simulated furrow irrigation system performance under spatially
and temporally varied infiltration function parameters. Cracking of soils was most likely the
source of variability between simulated and observed field advance rates. Bali et al. (1994)
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showed that spatial variability of infiltration in heavy clay soils did not have significant impacts
on surface irrigation system performance as compared to temporal variability. Grismer and Tad

(1994) tested a field procedure to estimate irrigation time in cracking clay soils using a volume
balance method.

Heavy clay soils represents more than 60% of the nearly 200,000 ha of irrigated land in the
Imperial Valley, CA. Approximately 16% of the irrigation water is lost to surface runoff due
to the limited infiltration in clay soils. Water penetration is usually limited to free water flow
into cracks and infiltration parameters vary widely between irrigations over the season. This
research will be conducted to study the effect of changes in water table elevation on surface
irrigation system performance and surface runoff in a cracking clay soil. The specific objectives
of this research and demonstration project are:

1- Determine the best management practices (BMPs) for surface runoff reduction in heavy clay
soils of the Imperial Valley.

2- Determine the effect of water table control on irrigation management and consumptive use
of water by alfalfa and sudangrass (including crop coefficients for alfalfa and sudangrass).

3- Determine the contribution of shallow saline water tables to crop evapotranspiration in heavy
clay soils.

4- Develop a relatively simple approach to predict irrigation cutoff time from pre-determined
soil moisture measurements.

5- Develop a user-friendly computer program and irrigation management spreadsheets for
efficient irrigation management practices. These tools include: the use of CIMIS for irrigation
scheduling, prediction of crop water requirements for alfalfa and sudangrass, and prediction of
seasonal changes in AE, DU, and surface runoff.

6- Conduct field days, demonstrations, seminars, and publish results in both popular and
scientific media.

This research and demonstration project will be conducted at the University of California Desert
Research and Extension Center (UCDREC) near Holtville, CA, a site having soils that are
typical of the major acreage of Imperial Valley Soils.

Procedures

A total of 15 acres will be used in this research project. The area will be divided into 2 fields

each containing separate plantings of alfalfa and sudangrass. Each field will be further divided
into 4 borders where each border is 65 ft*1250 ft.

Field No. 1, Crop: Sudangrass
Sudangrass growing seasons (March-October, 1996, 1997, and 1998)

Planting rates and dates: Sudangrass (cv. "Piper’) will be planted in March 1996, March 1997,
and March 1998 at a rate of 120 pounds of seed per acre.
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Pest control and harvesting: According to the commercial practices of sudangrass production in
Imperial Valley.

Water table control: The water table will be lowered to at least 15 ft below land surface in the

upper 500 ft of the middle two borders as compared to a normal water table depth of 4-5 ft
below land surface in the proposed field.

Field No. 2, Crop: Alfalfa
Alfalfa growing season (October 1995 - October 1998)

Planting rates and dates: Alfalfa (CUF 101) will be planted in October 1995 at a rate of 30
pounds of seed per acre.

Pest control and harvesting: According to the commercial practices of alfalfa production in
Imperial Valley.

Water table control: Tile drains will be blocked in the upper 500 ft of all borders in this field
so as to encourage maximum crop use of the shallow water table, Preliminary studies indicate
that the water table rises to within 3-4 ft of the land surface in blocked drain fields.

Fields 1 and 2

Colorado River water will be applied to all fields. We will evaluate the irrigation efficiency of
each field by taking advance, recession, runoff and flow rate measurements for all borders.
Initial infiltration rates will be measured during each irrigation as described by Bali and
Wallender (1987) and soil samples will be collected at various depths after each irrigation. The
samples will be analyzed for Na, Ca, Mg, K, Cl, and trace elements such as Se and B. Soil
moisture distribution in each border will be evaluated using the neutron probe. A total of 32 9-ft
neutron probe access tubes will be installed in each field (eight neutron probe access tubes will
be installed in each border) to characterize soil moisture distribution in the field, Moisture
measurements will be taken at depths of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0,
7.0, 8.0, and 9.0 ft prior to and two days following each irrigation. Gravimetric soil moisture
samples will be taken in the 0-15 cm depth range because the neutron scattering technique does
not accurately estimate soil moisture content near the surface. Evapotranspiration estimates
during and two days following irrigations will be obtained from a nearby CIMIS weather station
(station no. 87) and will be added to the difference in soil moisture prior to and following each
irrigation. Soil samples will be regularly taken at various depths to evaluate soil salinity. A total
of 32 10-ft observation wells will be installed in each field. Water samples from each well will
be taken for chemical analysis of the shallow groundwater throughout the project.

Irrigation scheduling will be based on CIMIS data and on soil moisture measurements as

described by Snyder and Bali (1992). Surface runoff and drainage water samples will be taken
for chemical analysis. The samples will be analyzed for Na, Mg, Ca, K, Cl, EC, and TDS.
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Alfalfa and sudangrass yield will be determined for each cutting and standard statistical analyses
will be used to evaluate the effectiveness of different water table elevations. Statistical methods
of evaluation will involve the use of ANOVA and time series analysis software.

All irrigations will be started from the south end of the field and advance time will be recorded
every 50 ft along each border. The commonly used Kostiakov and modified Kostiakov equations
z=kt* and (1)

z=kt*+ct, respectively, (2)
where z is the depth of water infiltrated, t is the intake opportunity time, k and a are empirical
constants, and c is the steady infiltration rate, will be used to simulate border irrigation
performance in a volume-balance model (Elliott and Walker, 1982). Infiltration function
parameters k and a will be obtained for each irrigation and each border from advance data using
a power advance function of the form (Walker and Skogerboe, 1987)

X=pt' €))
where X is the advance distance (m), t is the advance time (min), and p and r are fitted
parameters. The above power advance function will be used to predict the infiltration function
parameters k and a of the Kostiakov equation using the two-point method (Elliott and Walker,
1982). Simulated and field-measured irrigation performance characteristics of border irrigation
(AE, DU, surface runoff, deep percolation, and depth infiltrated) will be evaluated for all
irrigations using spatially averaged and temporally variable infiltration characteristics.

Advance rates from all irrigations over the season will be correlated with soil moisture content
before the corresponding irrigation and actual volume of applied water. An empirical function
describing the relationship between moisture content before irrigation and advance rate and

cutoff time will be developed for various flow rates and soil moisture depletion levels (see
appendix A for details).

The empirical function for eliminating surface runoff will be tested for soil moisture depletion
levels between 2.5 and 6 inches over the entire root zone. Statistical methods of evaluation will
involve the use of the time series analysis procedures (Davis, 1973).

Summary of work plans:

* sudangrass planted for three successive years on the same ground (Field No. 1)

* Sudangrass planted in March and harvested until October

* alfalfa planted in October 1995 (duration of crop: 3 years, Field No. 2)

* water table lowered from 5 to 15 ft in the upper 500 ft of field No. 1 (sudangrass)

* tile drains blocked in the upper 500 ft of field No. 2 (alfalfa)

* hay yield at each cutting (weighing bales in field)

* infiltration rates and irrigation performance characteristics will be evaluated for each treatment
throughout the experiment

* soil samples for chemical analysis will be collected throughout the experiment.

* drainage flow rate will be monitored

* surface runoff will be evaluated and water samples will be collected on a regular basis.
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* water table elevation and salinity will be monitored on a regular basis (32 observation wells
in each field)

* consumptive water use is determined between irrigations

* ANOVA and time series analysis methods used to determine statistical parameters of concern
in the experiments.
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Proposed Budget:

Staff research assistant
Field Assistants/helpers

Seed, fertilizer, pesticide, sprinkler, etc.
(alfalfa and sudangrass)

Irrigation and soil sampling supplies

Pump for drainage water removal
and plumbing supplies

Permanent Equipment
auger, computer, printer
software, and computer supplies for
data collections and field days

Field days, short courses expenses
and BMP publication cost

Reagents and chemical supplies/analysis

Radiation use authorizations
and training on Neutron probe

Travel

To present findings and for travel
to/from UCD.

Subtotal
Indirect cost (10%)
Total

1995-96
$26,700
$3,600

$4,500

$500

$4,000

$3,500

3700

$600

3350

$1,200

$45,650
$4,565
$50,215
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1996-97
$27,600
$3,900

$2,400

$500

$400

$600

§700

$600

$400

$1,200

$38,300
$3,830
$42,130

1997-98
$28,600
$4,300

$2,400

$500

$400

$6060

$1500

$600

$400

$1,900

$41,200
$4,120
$45,320

Total

$124,150
$12,415
$137,665



Inkind support:

1995-96
Total
University of California
Personnel and time commitment
Bali 20% $10,700
Grismer 10% $8,300
SRA (M. Jimenez) 50% $20,337
UCDREC (land & labor) $11,250
Imperial County
County Funds $5,592
Total inkind support $56,179
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1996-97

$10,700
$8,300
$20,337

$11,250

$5,592

$56,179

1997-98

$10,700
$8,300
$20,337

$11,250

$5,592

$56,179

1998-99

157,287
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APPENDIX A:

Irrigation scheduling can be based on a relatively simple technique that predicts the cutoff time
necessary to minimize runoff and to improve water use efficiency, While the method is
applicable for all soils it works best in heavy clay soils. The method is a combination of a
volume balance model and a two-point measurement method.

The main objective in heavy clay soils is to have enough water to fill cracks with little
or no runoff. The cutoff time can be calculated for a given border using a volume balance model

where the total volume of water applied equals the surface storage and the subsurface storage.
At any time (t,) the volume applied, V, is

V=Qx*t,

Where Q is the inflow rate in cubic feet per second (cfs) and ¢, is the time in minutes. The

surface storage (SY) equals the product of the average depth of water and the area covered by
water

SY=a sd+wl,

where o, is the surface shape factor (0.6-0.8), d is the depth of water at the water inlet in feet,
w is the width of border in feet, and 1, is the advance distance at time t,.

The subsurface storage (SZ) equals the product of the average depth stored and the area
covered by water. Earlier in the irrigation, soil cracks dominate the process of infiltration and
the volume of the subsurface storage is essentially the volume of cracks. Thus,

SZ=z*w*lx

where z is the average depth stored below the soil surface in feet, and w and 1, are as defined
earlier. The total volume, V, is the sum of the surface storage and subsurface storage:

V=SY+SZ

The average depth stored below the surface can be found at any time, t,
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Q*tx:(oy *d *xw *Lr)+(z *w*lx)

(Q*t ~o xd+wl )

T ey

when z is known, the time of cutoff, t_,, can be determined to minimize runoff. The total volume
applied (Q*t,,) equals to the volume stored:

Qx*t  =wxL*z

_(wxLxz)
COM Q
where L is the total length of the border.
The following information is needed to determine cutoff time:
1- Border length and width in feet.
2- Average flow rate in cfs.

3- Depth of the water at the inlet (or soil roughness).
4- One or two points of water advance with time along the border.

Proposed Approach to determine cutoff time:

Our objective is to predict the average depth of infiltration, z, from soil moisture depletion using

D=(6__-6)R

where D is soil moisture depletion in feet, theta, is volumetric soil moisture content at
saturation, theta is the average volumetric soil moisture content of the root zone before the
irrigation event, and R is root zone depth in feet.

Our results have shown that z is directly related to D and R, or in other words z=f(D,R).
However, at this time, we will assume that z is a function of D only (z=f(D)). We will evaluate
this empirical function from measured values of D and z at several soil moisture depletion

levels. Once the function is determined, the cutoff time (t,,) can be determined in advance using
the following equation

13/12
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This equation allows us to predict the time of cutoff before the irrigation event. The advance
function can also be predicted. The advance function can be described by

x=pt’

where t is the time since the start of advance and p and r are fitted parameters ( r=1 for near

linear advance, r=1 for linear advance). The average depth stored below the soil surface, z, can
be calculated from

Q*tco
Z'_"‘
W=L

For a linear advance (x=pt), the slope of advance, p equals 1,/t, and when t, equals t_, 1,
is the distance of advance at the time of cutoff, and therefore p can be evaluated from

- Q
(0, *d*W)+(RD)*W)

Predicted and measured values of p will be compared. The above approach is valid when the
soil’s bulk density is constant over a wide range of moisture content., However, in clay soils,

bulk density is directly affected by moisture content. We will account for this fact by using a
bulk density function which is dependent on moisture content.

14/12






STATE OF CALIFORMNIA—THE RESQURCES AGENCY . PETE WILSON, Govemor

DEPARTMENT OF WATER RESOURCES
1416 NENTH STREET, P.O. BOX 94283

SACRAMENTD, CA  $4236-0001

(F18) 653579

January 28, 1997

Mr. John J. Buckley
Imperial Irrigation District
333 East Barioni Blvd,
Imperial, California 95660

RE. DWR Agreement No. 165574

Enclosed for your records is one fully executed copy of the agreement stated
above.

If you have any questions regarding the services to be performed under this
agreement, please contact Fawzi Karajeh at (918) 327-1828. If you have any questions
regarding the processing of this agreement, please feel free to call me at
(918) 653-7201.

Sincerely,
o K TL
- e W ~

inda' K. Smith
Contracts Analyst

Enclosure



Receivable Agreement No. 165574
between
The California Department of Water Resources
and
The United States Bureau of Reclamation, Lower Colorado River
and
The Imperial I;'rigatiun District
or

Cooperation to Fund
Irrigation and Drainage Management and Surface Runoff Reduction in the Imperial
Valley Project
to be Conducted
by
The Regents of the University of California

THIS AGREEMENT, entered into this 15th day of June 1995 by and between
CALIFORNLA DEPARTMENT OF WATER RESOURCES (hereinafter called the “State"}, The United
Siates Burezu of Reclamation, Lower Colorado River {(hersinafter called the "USBR}, and The
Imperial [rrigation District (hereinafter called the "D,

WHEREAS, Irrigation and Drainage Management and Surface Runoff Reduction in
lmperial Valley (hereinafter called the “project’) was called for by the State and Frepared by the
Regents of the University of California (hereinafter called the “conuactor’) and [ater reviewed
and discussed by the above parties and revised by the Regenrts.

PURPOSE OF THE PROJECT

This project will focus on the development and demonstration of 2 new methad to
predict irrigation cutoff time from predetermined soil moisture status of the clay soll of interest.
[ssues related to salinity, irrigation management, and water quality will also be addressed in the
project. Since soil salinity and water management are affected by water table depth, a major
part of this study will be to quantify the effect of water table conirol on soil salinity. The swudy
will be conducted over three vears in order to observe cumulative consumptve Water use.’ The
purpose of this project will be achieved according to the Contract B-803560 Section Two.

TERMS AND COSTS OF THE CONTRACT

The term of this contract is from June 13, 1995 through December 31, 1998. The cost of
the project, upon the availability of fund from all funding pardcipants. shall not exceed
$137.597 and is to be paid:

561,300 the state share from fiscal year 1994/1395 buddet

S51,300 the USBR share, received Dy the State from USBR (“Assistance
Agreement No. 6-FC-30-00720, Is attached.”)

514,997 the IID share, received by the State from [ID

If any party reduces its funding level, the State will reduce total cost of the project by that
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amount. The contract shall not become effective until approved by the Departinent of General
Services. ‘

Payments from USBR and IID should be made available to the State immediately upon a written
notice by the State after the contract approval by the Deparanent of General Services.

RESPONSIBILITIES
The State will manage the project under Contract B-80560 with the Regents of the

University of California (the contractor). The contractor will subimit to the State an original of
five progress reports and the final report with copies to both USBR and the State according to
the schedule stated in the Contract B-80560 Section Seven.

AGREEMENT

The cooperators agree the state will enter into an agreement with the contractor to

inftiate field work. and to take advantage of the coming irrigation season. It is provided that the

this work be expanded to additional task(s) to cover on farm f{ield data collection and
analyses. In such event. upon mutual agreement of all parties, the Contractor agreed 10
undertake such work per Contract No. B-80580. Additional study task(s} may be done through
an amendment to this contract or through a new one. The additional cost of such new rask(s)
will be negotiated at that time with the Contractor.

It is also agreed that either party shall be free to use, release, make a presentation. or
pubtish all or part of the data and results of the study or the reports. In doing so, each party
must give credit for the contribution of the other.

scope of

ATTACEHMENTS
Exhibit A. the USER Assistance Agreement No. 6-FC-30-00720, is azached and hereby

made a part of this agresment. g

Exhibit B, The Standard Clauses, are attached and hereby made a part of this
agresment,

b doga)

<31

The parties hereto have executed this Agreement as of the day and year first written. "
NT QR WATER RESOURCES 3 ._‘3
>3
Date _/. £3
= =
< ¥

TUE UNITED STATES BUREAU OF RECLAMATION, LOWER COLORADO RIVER

Date &4”' e fff) -’
’ i

’ /

THE IMPERIAL [RRIGATION DISTRICT

BY E 0L A Mlsara_ Date 1 =15 - 7L

Jesse P. Silva
Water Manager



Receivable Agreement No. 165574
Page 2

amount, The coniract shall not become effective until approved by the Department of General
Services.

Payments from USBR and 11D should be made available to the State immediately upon a written
notice by the State after the contract approval by the Department of General Services.

RESPONSIBILITIES

The State will manage the project under Contract B-80560 with the Regents of the
University of California (the contractor). The contractor will submit to the State an orgiginal of
five progress reports and the final report with copies to both USBR and the State according to
the schedule stated in the Contract B-80580 Section Seven.

AGREEMENT 4

The cooperators agree the state will enter into an agreement with the contractor to
iritiate fleld work, and to take advantage of the coming irrigation season. [t is provided that the
scope of this work be expanded to additional task(s) to cover on farm field data collection and
analyses. In such event, upon mutual agreement of all parties, the Contractor agreed to
undertake such work per Contract No. B-80560. Additional study task(s) may be done through
an amendment to this contract or through a new one. The additional cost of such new taski(s)
will be negotiated at that time with the Contractor.

It is also agreed that either party shall be free to use, release, make a presentation. or
publish all or part of the data and results of the study or the reports. In doing so, each party
must give credit for the contribution of the other.

ATTACHMENTS
FExhibit A, the USBR Assistance Agreement No. 8-FC-30-00720, is attached and hereby

made a part of this agreement.

9\

Exhibit B, The Standard Clauses, are attached and hereby made a part of this ?:\t
agreement. 8 N
3
The parties hereto have executed this Agreement as of the day and year first written. ;‘g‘ g
RN \
>
E 2
~ = /
Jei <3 NIW

Division of Local Assistance

THE UNITED STATES BUREAU OF RECLAMATION, LOWER COLORADO RIVER

By % 2. ,é'//" Date w ) i ISP %, t
—Gary Bryent Fen SAPTICN I
Area Wanager -

THE IMPERIAL IRRIGATION DISTRICT WAL 91 87
: Date [ =I5 ~F5 o /;
Jesse P. Silva By /@//"3;4 "/.-:7_,"/’./_“_

Water Manager

g,l Ass't. Chief Counsal




ALTYT (4-808

Burasu of Recamarion

UNHIEW D1ATED
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
ASSISTANCE AGREEMENT
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OUPLICATE Gaigy,

1. AGREEMENT NO. 2. TYPE OF AGREEMENT

3. REQUISITION NUMBER

§-FC-30-00720 0 Grant 96-300-460047
@ Cooperative Agreemant
4. ISSUED BY CODE_LC-4840 5. RECIPIENT

Bureay of Reclarmation

Lowar Colorsdo Region

P.0. Bax 61470

RBoulder City NV BS008-1470

Deparrnent of Water Resaurces
Water Conservation Office
1020 Ninth Street, Third Floor
Attention: Fawzi Karajeh
Sacramento CA 95814

5. NAME, ADDRESS, AND PHONE NO, OF
ASSISTANCE REPRESENTATIVE

Stevae Janes LC-4640
Bureau of Reclamslien
P.0. Box 61470

Baulder City NV 83006
702-293-8186

7. NAME, ADDRESS, AND PHONE NQO. OF RECIPIENT'S
PROJECT MAMNAGER
Dapariment of Water Hesources
Water Conservation Offica
1020 Ninth Steraet, Third Floor
Attention: Fawzi Karajeh
Sactamento CA 9581+
915-327-1828

3. PROGRAM STATUTORY AUTHORITY

Watar Research and Developrment Act of 1878

9. CLASS COF RECIPIENT
Stata Govermant

10. EFFECTIVE DATE
See black 16 belaw

11, COMPLETION DATE
December 31, 1398

12. TOTAL AMOUNT
OF AGREEMENT $51,300,00

AMOUNT OF FUNDS
CBUGATED  § 51,300.00

13. ACCOUNTING AND APPRCPRIATION DATA

3X0-1316-50C0-5Q0-10-0-0 3040480

14 PROJECT TITLE

This study will focus on the development and demonstration of a naw mathod to predict irtigation cutoff time from pre-detarmined
soil moisture status of tha clay soif of intarest. [ssues ralatad to salinity, irrigation managameant, and water guality will aiso be
addressed in the project including crop caefficients for aifalia and sudan grass. Since soil salinity and water management are
effacted by water tabla depth. a major part of this study will ba to quantfy tha effrcts of water teble contrel on soil salinity. water
infiltration rates, and irdigation efficiency. The swdy will be conducted over three years in order to observs cumulative aspecis of

raduced watar tabls depth in soil salinity and consumptive watar use.

18, Acceptence of this Azamstence Azreement in sczordancs
with tha larms and corditions contained herein @ barety
macka an Sehald of

California Department of Water Flescurces

sl g et M fg

SIGNATUREY DATE

Ravmond D, MHart
TYPED NAME

TITLE_Chief, Divisicn of Local Assistance

Telephana No, (318} 327-1828

1 8. Acssctarca of the Assmtence Agresment in accardance
with (v t2rma and cancitions costained harein i hergoy
rade on Boraif of the Urited States of Ameanga, Gurass
of Regisrnanomn.

O dhoden q/2ilae
slc«@jﬂ”h@i

DATE

Javne Harkins
TYPED NAME

TITLE Grants end Cooparative Agraarants Oifigar

Teiephone No. {702) 2193-8180
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COOPERATIVE AGREEMENT
NO. 6-FC-30-00720
BETWEEN
BUREAU OF RECLAMATION
AND
THE STATE OF CALIFORNIA, DEPARTMENT OF WATER RESOURCES
TO PROVIDE

TRRIGATION AND DRAINAGE MANAGEMENT IN SURFACE
WATER RUN-OFF REDUCTION IN THE IMPERIAL VALLEY

This Agreement between the DEPARTMENT OF THE INTERIOR, BUREAU OF RECLAMATION,
herein referred to as "Reclamation," and the STATE OF CALIFORNIA, DEPARTMENT
OF WATER RESQURCES herein referred to as "CADWR," is entered into pursuant to
the Water Research and Development Act of 1978 .

A. BACKGROUND

The purpose of this agreement is to provide support for a study to be
conducted by the CADWR and the University of California, focusing on the
development and demonstration of a new method to predict irrigation cutoff
time from pre-determined soil moisture status of the clay soil of interest,
Issues related to salipity, irrigation management, and water quality will also
be addressed in the project including crop coefficients for alfalfa and sudan
grass. Since soil salinity and water management are effected by water tabie
depth, a major part of this study will be to quantify the effects of water
table control on soil salinity, water infiltration rates, and irrigation
afficiency. The study will be conducted over three years in order to observe
cumulative aspects of reduced water table depth in soil salinity

B. OBJECTIVE AND BENEFTT

The obieciive of this program is to conduct a research and demonstration
praject to improve irrigation efficiency and reduce surface run-off in the
Imperial Valley.

C. RESPONSIBILITIES OF THE PARTIES

CADWR will:
1. Conduct a research and demonstration project.

2. Comply with the General Provisions for Agreements which are attached and
made a part nereof.

3. Comply with all laws and ordinances in pursuing the work fo be done under
this Agreement.

4. Cantribute funds in an amouni not to exceed 50 % of the total program
costs,
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Reclamation will:

1. Contribute funds in an amount not to exceed 50 % of the tetal program
costs.,

2. Provide a project manager to oversee the progress of the project and to
act as Tiaison with CADWR.

D. PERFORMANCE SCHEDULE AND DELIVERABLES

This Agreement will be effective from the date of award through December 31,
1998, contingent on the availability of funds and success of the program.

E. BUDGET

Contingent upon availability of funds, and upon further definition of the data
requirements and specific tasks, the total funds te be provided by Reclamation
pursuant to this Agreement shall not exceed 561.300.

If CADWR does not utilize the entire amount of funding (§81,300), the balance
will be refunded on a pro rata basis to Reclamation. Liability on the part of

Reclamation for any payment is contingent upon appropriation and alliocation of
funds.

F. BILLINGS

Prior to payment by Reclamation, CADWR will submit a completed Standard Form
270 (SF-270), Request for Advance or Reimbursement to the Assistance
Representative. The request for Advance or Reimbursement should be sent fo
Raclamation 25 days prior to initiating the work program activities, to aliow
adequate time for review and processing. The advance will be in the amount as
follows:

(1)  $61,300 following execution of this agreement;
CADWR shall furnish an original SF-270 to the following address:

Director

Colorado River Water and Power Management Office
Bureau of Reclamation

Attention: LC-40640

P.0. Box 81470

Boulder City NV 89006-1470

G. MODIFICATION

The parties to this Agreement may mutually amend and/or extend this Agreement
and any such amendment or extension shall be confirmed in writing prior to
performance or change.
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H. TERMIMATION

A party may terminate this Agreement upon 30 days’ written notice to the other
parties. Reclamation shall pay for all work which, in the exercise of due
diligence, the recipient is unable to cancel prior to the effective date of
termination. Payments made under this agreement, including payments under
this article, shall not exceed the ceiling amount elsewhere specified in the
agreement.

I. LIABILITY

Reciamation and CADWR agree that they wili assume Tiability, pursuant to
Federal, and California law, respectively, for the negligence of their
employees or agents in carrying out the provisions of the work. Reclamation
and CADWR, to the extent permitied by law, agree fo hold the other parties
harmiess in regard ito any damages caused by their respective employees or
agents in performing work financed under this agreement. Any 1iability of the
United States shall be Timited to that allowed under the Federal Tort Claims
Act and the CADWR State Tort Claims Act.

J. OFFICE OF MANAGEMENT AND BUDGET (OMBY CIRCULARS. The foliowing OMB
Circulars are incorporated by reference into this agreement:

1. A-87, "Cost Principles for State and Local Governments.”

2. A-102, "Grants and Cooperative Agreements with State and Local
Governments.”

3. A-128, "Audit Requirements for State and Local Governments."
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STATEMENT OF WORK

General Provision:

Section One: Purpose of Contract:

This study will focus on the development and demonstration of a new
method to predict irrigation cutoff time from pre-determined soil moisture status of
the clay soil of interest. Issues related to salinity, irrigation management, and water
guality will also be addressed in the project inciuding crop coetficients for alfaifa and
sudangrass. Since soil salinity and water management are effected by water table
depth, a major part of this study will be to quantify the effects of water tabie control
on soil salinity, water infiltration rates, and irtigation effidency. The study will be
conducted over three years in order to observe cumulative aspects of reduced water
table depth on soil salinity and consumptive water use.
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Section Two: Obiectives:

g

3

e

=~

)

Conduct a research and demonstration praject with the objectives to:
imorave irrigation efficiency,
reduce surface runof,

determine ihe conirinution of shallow saline water taoles o crop
evapoiranspiration in heavy clay sails,

siarmine the effect of water table cantrol on irrigation management and
consumptive use of water by alfalfa and sudan grass (including crop coefficients
for aifalfa and sudan grass),

develop a relatively simple approach to predict irrigation cutet time from
pre-determined soil moistura measurements,

increasea the utilization of CIMIS for irrigation scheduiing,

develap a user-friendly computer program and irrigation managemant
spreadsheets for sfficient irrigation management practices,

oublish a handbook about the best management praciices for raducing sunace
and subsuriace drainage water, and

_cenduct field days, demonsirations, seminars, and publish results in cain popudar

and scientific media.

Section Thrze: Workplan

. sudan grass planted far three successive years on the sams ground
(Field No. 1}

. sudan grass planted in March and harvesied in Octooer

. alfatfa planted in October 1995 (duration of crep: 3 years, Fieid No. 2)

. water table lowered from 5 ta 15 fest in upper 500 feet of Field No. 1
(sudan grass) '

. tile drains blocked in upper 500 fest of Field No. 2 (alialia)

. hay yieid at each cutting (weighing bales in field)
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infiltration rates and imrigation perfarmances characteristics will be
evaluaiad for each treatment throughout the experiment

sail samples for chemical znalysis will be callected throughout the
axperiment

drainage flow rate will be monitorad

suriacs runoit wiil be evaluated and waier sampies wiil se coilected on a
regular basis

water table elevation and salinitv will be monitared on a2 regular basis
(32 abservation weils in eacn fleld)

consumptive watsr use is datsrminsd between irrigations

ANOVA and time series analysis methceds will be used (o deiermine
siaustical parameters of cancern in ihe experiments

PRSI

(RS e A
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GENERAL PROVISIONS

1. Policy

The following Office of Hanagement and Budget (OMB) Circulars, as applicable,
arnd as implemented by 43 CFR Part 12, are incorporated by reference and made a
part of this agreement. Fallure of a recipient to comply with any provision
may be the basis for withholding payments for proper charges made by the
recipient and for termination of support.

a. Agreements with colleges and universities shall be in accordance with
the following circulars:

Circular A-BB, Revised December 5, 1979, "Indirect Cost Rates, Audlt,
and Audit Followup at EBducational Instituticons”®

Circular A—-21, Revised July 26, 1993, "Cost Principles For Educational
Institutiona"

Circular A-110, Revised December 29, 1993, "Uniform Requiremants for
Grants and Agresements with Institutions of Higher Education, Hospitals, and Other
Nanprofit Organizations"

Cirecular A-133, Harch 18, 1990, "Audits of Institutions of Higher Learning
and Other Nonprofit Institucions™

b. Agrsements with State and local gavernments shall be in accordance with
the provisions of the following clreulars:

Circular A-87, May 17, 1995, "Cost Principlss for State and Local
Govermments”

Circular A-102, Revised October 14, 1994, "Uniform Administrative
Requirements Ffor Grants and Cooperative Agreements with State and Local
Govarnments”

Cireular A-128, April 12, 1985, "Single Audits of State and Local
Governmants"”

c. Agreements made with nonprofit organizations shall be in accordance
with the following circulars and provisions:

Circular A-110, Revised December 29, 1993, "Uniform Regquiremenis for Grants
and Agreements With Institutions of Higher Zducation, Hospitals, and Other
Nonprofit Organlizations”

Circular A-122, June 27, 1980, and amended March 17, 1981, April 27, 19484,
Hay 17, 1987, and October &, 1995, "Cost Principles for Nonprofit Crganizations”®

Circular A-133, Harch 18, 1990, "Audits of Institutions of Higher Learning
and Other Nonprofit Ingtitutiong”

d. AllL agreements with organizations other than those indicated above shall
be in accordance with the basic principles of OMB Circular A-110, and cost
principles stall be in accordance with Part 31 of the Federal Acquisition
Regulations, Subpart 31.2 entitled, "Contracts with Commercial Organizations.”

2. QREficials Not to Benefit

No member or delegate to Congress, Resident Commissicner, or Faderal or State
official, shall be admitted to any share or part of this agresment, or to any
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benefit that may arise therefrom.

3. Covenant Against Contingent Fees

The recipient warrants that no person or agency has been employed or retained to
solicit or secure this agreement upon an agreement or understanding for a
commission, percentage, brokerage, or contingent fee, excepting bona fide
employees or bona fide offices established and maintained by the recivient for
the purpose of securing agreements or business. TFor breach or violation of this
warranty, the Government shall have the right to annul this agreement without
liability or, in its discretion, te deduct from the agreement amount, or
otherwise recover, the full amount of such commiasion, percentage, brokerage, or
contingent fee.

4. BEBqual Qooortunitv

During the performance of this agreement, the recipient agrees to comply
with the Civil Rights Act of 1964, 42 USC 200a et seg., as amended and Executive
Order No. 112486 as amended by Executive Order No. 12086 and as supplemented in
Department of Labor Regulations (41 CFR Park 80).

5. PDisabled Veterans and Veterans of the Vietnam Fra

a. The recipient will not discriminate against any employee ar applicant
for employment because he or she is a disabled veteran or vetaran of the Vistnam
era in regard to any position for which the employee or applicant for employmenc
is gualified. The recipient agrees to take affirmative action to employ, advance
in employment, and otherwise treat gualified disabled veterans and veterans of
the Vietnam eras without discrimination based upon their disability or veterans
statug in all employment practices such as the following: employment upgrading,
demotion or transfer, recruitment, advertising, layoff or termination, rates of
vay or other forms of compensation, and selection for training, including
apprenticesnip.

b. The recipient agrees that all suitable emplovment opanings of the
recipient which exist at the time of the execution of this agresment and those
wnich occur during the performance of this agreement, including those not
generated by this agresment and including those occurring at an establishment of
«he recipient other than the one wherein the agreement is being performed but
exeluding those of independently operated corporate gfflliates, shall be listed
at an appropriate local office of the State employment service system wherein the
opening occurs. The recipient further agrees to provide such reports to such
local office regarding employment openings and hires as may be required.

State and local government agencies holding Federal agrsements of 510,000

or more shall alsc list all their suitable openings with the appropriate cifice
0f the State employment service but are not regquired to provide those reports setc
forth in paragraphs d. and e.

¢. Ligting of employment openings with the employment service system
pursuant to this clause shall be made at least concurrently with the use of any
other recruitment source or effort and shall involve “he normal obligations which
atrach to the placing of a bona fide job order, including the acceptance oI
referrals of veterans and nonveterans. The listing of employment openings doss
not reguire the hiring of any particular job applicant or from any particular
groun of iob zpplicants, and nothing herein is invended ko relieve the reclplent
from any requirements in Executive Orders or regulations regarding
nondiscrimination in employment.

d. The raports required by pearagraph b. of this clause shal}l Iinclude, but
not be limited to, periodic reports which shall be filed at least guarterly with
the appropriats local office oz, whare the recipisnt has wmors than one hiring
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location in a State, with the central office of that State employment service,
Such reports shall indicate for each hiring location (1) the number of
individuals hired during the reperting peried, (2) the number of nondisabled
veterans of the Vietnam era hired, (3) the number of disabled veterans of the
Vietnam era hired, and (4) the total number of disabled wveterans hired. The
reports should include covered veterans hired for on-~the-job training under 38
U.§.C. 1787. The recipient shall submit a raport within 30 days after the end of
each reporting period wherein any performance is made on this agreement )
identifying data for each hiring location. The recipient shall maintain at each
hiring location copiesa of the reports submitted until the expiration of 1 year
after final payment under the agreement, during which time these reports and
ralated documentation shall be made available, upon request, for examination by
any authorized representatives of the Grants and Cooperative Agreements Officer
or of the Secretary of Laber. Documentation would include personnel records
respecting job openings, recrultment, and placament.

e. Whenever the recipient becomes contractually boand to the listing
provisions of this clause, it shall advise the employment service system in each
State where it has establishments of the name and lecation of each hiring
location in the State. As long as the reciplent is contractually bound to these
provisions and has so advised the State systam, there is no nead te advise the
State system of subsequent agreements. The recipient may advise the State system
when it is no longer bound by this agreement clause.

f. This clause does not apply to the listing of ths employment opsnings
which oceur and are filled outside the 50 states, tha District of Columbia,
Puarto Rico, Guam, and the Virgin Islands.

g. The provisions of paragraphs b., c., d., and e. of this clause do not
apply to openings which the recipient proposes to fill from within his own
organization or to £ill pursuant to a customary and traditional employer-union
hiring arrangement. This exclusion deces not apply to 2 particular opening once
an emplover decides to consider appllicants outside of his own organization or
employer—-union arrangement for that opening.

h., As used in this clause:

(1) "AllL suitable employment opanings" includes, but is not limited
to, openings wnich occur in the following job categories: production and
nonproduction; plant and office; laborers and mechanics; supervisory and
nonsupervisory; technical; and executive, administrative, and professional
openings that are compensated on & salary basis of less than $25,000 per vear.
This term includes full-time employment, temporary employment of more than 3
days' duration, and part-time employment. It does not include openings whicn the
recipient proposes to fill from within its own organization or to fill pursuant
to a customary and traditional emplover-union hiring arrangement nor openings in
an sducational institution whlch are restricted te students of that ilnstitution.
Under the most compelling circumstances, an smployment opening may not be
suitable for listing, including such situations where the ngeds of the Government
cannot reasonably be otherwise supplied, where listing would ba contrary to
national security, or where the requirement of listing would otherwise not be faor
the best interest of the Government.

{2) ‘“"Appropriate office of the State employment service system”
means tne local office of the Federal/State national system of public smployment
offices with assigned responsibility for serving the area where the employment
opening is to be filled, including the District of Columbia, Guam, Puerto Rico,
and the Virgin Islands.

{3} rOpenings which the recipient proposes to fill from within his
own organization™ means emplovment openings for which no consideration will be
given to parsons outside the reciplent’s organization (including any afflliates,
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aubsidisries, and the parent companies) and includes any openings which the
recipient propcses to fill from regularly established "recall” files.

{4) “Openings which the recipient proposes to Zill pursuant to a
customary and traditional employer-unicn hiring arrangement” means emplovment
voenings which the recipient proposes teo £i11 from union halls, which is part of
the customary and traditional hiring relationship which exists between the
reciplent and representatives of his employeses.

i. The reciplent agrees to comply with the rules, regulations, and
relevant orders of the Secrstary of Labor issued pursuant to the Act.
j. In the svent of the recipient’s noncompliance with the requirements of
this clause, actions for noncomplliance may be taksn in accordance with the rules,
regqulations, and relevant orders of the Secretary of Labor issued pursuant te the
Act.

k. The reciplent agrees te post in conspicuous places available to
employees and applicants for employment notices in a form to be prescribed by ths
Director, provided by or through the Grants and Ccoperative Agreements Qfficer.
Such notice shall state the recipient’s obligation under the law to take
affirmative action to employ and advance in employment qualified disabled
veterans and veterans of the Vietnam era for employment, and the rights of
applicants and employeses.

L. “The recipient will notify each labor union or representative of workers
with which it has & collective bargaining agreement or other contract
understanding that the recipient is bound by terms of the Vistnam Era Veteran's
Readjustment Assistance Act and is commlitted to take afifirmative action to smploy
and advance in employment cgualified disabled veterans and veterans of the Vietnam
ara.

m. The reciplent will include the provisions of this clause in every
cantract or purchase order of 310,000 or more unless exampted by rules,
ragulations, or orders of the Secretary issuad pursuant to the Act, and such
vrovisiong will be binding upon each contractor or vendor. The rsoiplent will
take such action with respect to anv contract or purchase order as the Director
of the Office of FTederal Contract Compliance Programs may direct to enforce such
provisions, ineluding action for noncompliance.

6. EBEmployment of the Handicapped

a. The recipient will not discriminate against any employee or applicant
for employment because of physical or mental handicap in rsgard to any position
for which tne employee or applicant is gualifiied. The recipient agrees to taks
affirmative action to employ, advance in employment, and otherwise treat
qualified handicapped individuals without discrimination based upon their
physical or mental handican in all smployment practicaes such as the following:
employment, upgrading, demoticon or trensfer, recruitment, advertising, layoff or
termination, rates of pay or cther forms of compensation, and selection for
training including apprenticeship.

b, The recipient agrees to comply with ths rules, ragulations, and
relevant orders of the Secretary of Labor issued pursuant to the Renhabilitation
Acr of 1973, as amended.

c. In the event of the recipient’s noncompliance with the raguirements of
*hig clause, actions for noncompliaznce may be taken in accordance with the rules,
regulations, and relevant orders of the Secretary of Labor issued pursuant to the
ACt.

d. The recipient agreses to post in conspicucus places, avallable to
amployees and applicants for employment, notices in & form ta be prescribsd by
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the Director, Office of Federal Contract Compliance Programs, Department oi
Labor, provided by or through the Grants and Cogoperative Agreements Offlcer.
Such notices shall state the recipienz's obligation under the law to take
affirmative action to employ and advance in emplovment qualified handicapped
employees and applicants for empleoyment, and the rights of applicants and
employees.

2. The recipient will notify each labor uniocn or representative of workers
with which it has a collective bargaining agreement or other contract
understanding, that the recipient is bound by the terms of section 503 of the act
and is committed to take affirmative action to employ and advance in employment
physically and mentally handicapped individuals.

£. The recipient will include the provisions of this clause in every
contract or purchase order of §$2,500 or more unless sxempted by rules,
regulations, or orders of the Secrestary of Labor lssued pursuant to sectlon 503
of the Act, so that such provisions will be binding upon each contractor or
vendor. The recipient will take such action with respect to any caontract or
purchase order as the Director, Office of Faderal Contract Compliance Programs,
may direct to enforce such provisions, including acticon for noncompliance.

7. Clean Alr and Water

Applicable only Lf the agreement exceeds 5100,000 or a facility to be used
has been the subject of a conviction under zhe Clean Air and Water Act, 42 USC
1857c-8(c) (1), ar the Federal Water Polliution Control Ack, 233 USC 1319(c), and is
listed by EPA, or the agreement is not otherwise exempt.

a. The reciplent agrees as follows:

{1} To comply with all the recuirements of section 1314 of the Cl=an
Alr Acz, as amended (42 USc 1857, et seqg., 2s amended by Public Law 91-604) and
section 308 of the federal Water Pollution Control Act (33 US 1251, et seqg., AS
amended by Public Law 92-500}), respectively, ralating to inspection, menitoring,
entry raports, and information, as well as other raquirements specified in
section 114 and section 308 of the Alr Act and Water Act, respectively, and all
requlations and guidelines issued thersunder befors the award of this agreemant.

{2) That no portion of the work reguired by this agrsement will be
performed irm a facility listed on the Environmental Protection Agency List of
Violating Facilities on the date when this agreement was awarded unless and until
the FPA eliminates the name of such facility or facilitiss from such listing.

(3} To use its best efforts to comply with clean alr standards and
clean water standards at the facility in which the agreement is being performed.

{4} To insert the substance of the vrovisions of this <lause in any
nonexampt grant or cooperative agreement, including this subparagraph a.(4).

b. The terms used in this clause have the fellowing meanings:

{1} The term "Air Act™ means the Clean Alr Act, as amended (42 USC
1857 et seqg., as amended by Public Law 91-804}.

{2) The term "Water Act" means Federal Water Pollution Control Act,
as amended. (33 USC 1251 2t seq., as amendad by Public Law 92-300).

{3) The term "clean air standacsds" means any enforceable zules,
regularions, guidslines, standards, limitations, ordars, controls, preohibitions,
or other recuirements which ars contained in, issued under, or otherwise adopted
pursuant to the Air Act or Ixzcutive Order Na. 11738, an applicable
implementacion plan as described in section L10{d} cf the Clean Air Act 42 US
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1857c-5(d}, an approved implementation procedurs or plan under sectjon 11ll{c) or
section 1ll(d}, respectively, of the Air Act 42 USC 1857¢-6{c) or (d), or an
approved implementation procedure under section 112(d) of the Air Act 42 USC
1857c-7(d}.

{4) The term "clean water standards" means any enforceable limi-
tation, contrel, condition, prohibition, standard, or other reguirement which is
promulgated pursuant to the Water Act or contained in a2 permit issued to a
discharger by the Environmental Protection Agency or by a State under an approved
program as authorized by section 402 of the Water Act (33 US 1342), or by a local
government to ensure compliance with pretreatment regulations as reguired by
section 307 of the Water Act (33 U.s.C. 1317).

(5) The term "compliance"” means compliance with the clean ailr or
water gtandards. Compliznce shall also mean compliance with schedule or plan
ordered or apwproved by a court of competent Jurisdiction, the Snvirommental
Protection Agency, or an alr or water pollution contral agency in accordance with
the requirements of the Air Act or Water Act and regulations issued pursuant
thereto.

{6) The term "facility"™ means any building, plant, installation,
structure, mine, vessel or other floating craft, location, or site of operacions,
owned, leased, or supervised by a reciplent or subcontractor, to be utilized in
the performance of an agreement or subcontract. Where 2z locztion or site of
operations containg or includes more than one building, plant, installation, or
structure, the entire location or site shall be deemsd to be a facility excspt
where the Director, Office of Pederal Activities, Enviromnmental Protection
Agency, determines that independent facilities are collocated in one gsographical
area.

8. Conwvict Labor

In connection with the performance of work under this agresament, the
racipient agrees not to employ any person undergoing sencence of lmprisonmentc
except as provided by Public Law 89-176, September 10, 1985 18 USC 4082(c){2),
Ixecutive Order Na., 11735, Decembar 29, 1973.

S. Contracting with Small and Minoritv Firms, Woman's Businsss Snterprises
and Labor Surplus Area Firms -~ Department of the Interior (DEC 1594)

It is a national policy to award a fair share of contracts to small and
minority business firms. The Department of the Interior is strongly commitced to
the cbjectives of this policy and encourages all recipients of its grants and
cooperative agreements to take affirmative steps to ensure such fairness.

a. The grantee and subgrantee shall take all necessary afflmmative steps
to assure that minority firms, women’'s business enterprises, and labor surplus
area firms are used when possible.

b. affirmative steps shall include:

{1y Placing gualified small and minority businesses and women’s
busginess enterprises on sollcltation lists;

{2} Assuring that small and minority husinesses, and women's
husiness enteruprises are solicited whenever they are potential sources;

{3) Dividing total requirements, when economlically fzasible, into
smaller tasks or guantities 2o parmit maximum participatiocn by small and minority
businesss, and women‘’s business enkterprises;

{4) ZTstablishing delivery schedulss, whers the raguirement permits,

o



which encourage participation by small and minerity business, and women's
buginess enterprises;

(5} Using the services and assistance of the Small Business
Adminigtration, and the Minority Business Development Agency of the Departmernt of
Commerse as appropriate, and

{6y Reguiring the prime contractor, if subcontracts are to be let,
to take the affirmative steps listed in b.{1l) through (3) above,

10. Stevens Amendment — Reclamation (SEP 1993)

{a) No amount of any grant made by a Federal agency shall be used %o
finance the acguisition of gaoods or services (including construction services)
unlesz the recipient of the grant agrees, as & condition for the recelipt of such
grant, to -

{1} specify in any annocuncement of the awarding of a contract for
the procuresent of goods or services (including construction services) the amount
of Federal funds that will be used to finance the acguisition; and

{2) express the amount announced pursuant to paragraph (1) as a
percentage of the total costs of the planned acquisition.

{b)y The reguirements of subsection (a) shall not apply to i procurement
for goods or services (including construction servicas) that has an aggregate
value of less than 5$500,000.

1l1. Notice Regarding Buvwv American Act

Pursuvant to Saction S0 of the Energy and Weter Developmant Appropriations A
1995, Public Law 103-316, 108 Stat. 1723, please be advised of ths following

a2
fq]
N

It is the sense of the Congress that, to the greatsst extent pra
all equipment and products purchased with funds mada avilable in tnis
he American-mads.

12. Use of the Hetric System ~ Raclamation (MAR 1993}

Section 51A3 of Public Law 100-418, the Omnibus Trade and Compstitiveness Act of
1588 (Trade Act), amended the Metric Conversion Act of 1975 and designated the
metric system of welights and measurszs for United States trade and commerce.

As a result of the Trade Ackt, the President lssued Executive Order 12770 dated
July 23, 1991, to implement the Congressional designation of the metric system of
measurement as the preferred system of weights and measurss for United States
trade and commerce.

The metric syvstem of measurement shall be usad in grants and cooperative
agreements, except to the extent that such use is impractical or is likely to
cause significant ingfficliencies, or is not economically feasible. To the extent
passible, scientific and technical reports and recipieat—-furnished materials
providad under the agreement, including computer programs, shall use appropriate
metric units.

13. Resolving Disagreements — feclamatvion (Mar 1993)

When entering into a cospsrative agreement with a recinient, Reclamation commits
itself veo working with the rscipienc in a harmenious manna2r to achieve the
objectives of the project successfully. When disagreements arise betwsen the
parties, thay must be resolved according to tha procedures discussed below:
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a. Reglamatlion shall attempt first to resclve disagreements with the
reciplient through informal discussion among the Grants or Contract Specialist,
the Program Officer, and the recipient’s Project Director.

b. If the disagreemant cannot be resolved through informal discussion
between these parties, the Grants Specialist and the Program Officer shall
document the nature of the disagreement and bring it to the attention of the
Grants Qfficer.

c. After reviewing the facts of the disagreement, as presented by the
Grants and Program Offices, the Grants Officer will arrange a formal meeting. If
agreement still cannot be reached, the parties will collectively decide on any
varied approaches which might be used to resolve the disagreement. The partiess
shall be respongible for their individual expenses related to any approach
utilized to resolve the disagreement.

4. Ultimataly, if all other attempts at resolving the disagreement falls,
& decision will be made by the (Chief, RAegquisition and Assistance Management
Services or Regional Director, whichever is applicable), whose decision shall be
final and conclusive. .

Any post award issue will be open for resolution in accordance with the above
procedures, with the exception of disagreements regarding continuatlon of the
agreemant (gince elther party may terminate the agreemsnt with the specifisd
notice), or other matters gpecifically addressed by the agreement itself.

14. Formzs and Certifications

The following forms and certifications are incorporated by raference and made a
part of this agreement:

Enclosure A - Certifications Regarding Debarment, Suspansion, and Other
Responsibility HMatters, Drug-irze Workplace Reguirements
and Lebbying (DI-2010)

ZInclosure B -~ Agsurances - Non-Construction Programs (S¥ 424B) or
Asgsurances - Construction Programs (SF 2324D), as
applicable
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Certifications Regarding Debarment, Suspension and
Other Responsibility Matters, Drug-Free Workplace
' Requirements and Lobbying

Persons signing this form should refer to the reguiations
referenced below for complete instructions:

Certification Regarding Debarment, Suspension, and Other
Rasponsibility Matters - Primary Covered Transactions - The
prospective primary participant further agrees by
submitting this proposal that it will include the clause
titled, "Certification Regarding Debarment, Suspension,
ineligibility and Voluntary Exclusion - Lower Tier Covered
Transaction,” provided by the department or agency
entering into this covered transaction, without
modification, in ail fowartier covered transactions and in
all solicitations for lower tier covered transactions. Ses

Certification Regarding Debarment. Suspension, Ine!igibﬂ?ty
and Valuntary Exdusion - Lower Tier Covered Transactions -
(See Appendix 8 of Subpart D of 43 CFR Part 12.)

Certification Regarding Drug-Free Workplace Raquirements -
Alternate [, (Grantass Other Than Individuals) and Altermate
{I. (Grantees Wha are Individuals) - {Ses Appendix C of
Subpart D of 43 CFR Part 12)

Signatura an this form provides for compliance with
certification raquirements under 43 CFR Parts 12 and 18. Yhe
certifications shall be treated as a material representation of
fact upeon which reliance will be placed wien the Deparmeant

of the Interior determines o award the covered transaction.

below for language to be usad; use this form for cartification .
grant, cooperative agraement or [oan,

and sign; or use Department of the Interior Form 1954 (i~
1834). (Ses Appsndix A of Subpart D of 43 CFR Part 12)

PART A: Certification Regarding Debarment, Suspension, and Other Responsibility Matters -

Primary Caovered Transacticns

CHECK__IF THIS CERTIFICATION IS FOR A PRIMARY COVERED TRANSACTION AND IS APPLICABLE.

{1} The prospective primary participant cenifies to the best of its knowledge snd belief, that it and its principals;
(a)  Are not presently debarred, suspended. proposed for debarmant, declared inefigible, or voluntarily excluded from
cavecad transaciions by any Federal depanment or agency:

(1) Have not within a three-vear period preceding this proposal hesn convicted of or had a civil judgment cendered against
them for commission of fraud or a criminal offense in conrection with obtaining, attempting to obtai Jerforming
a public {Federal. Stata or local) transaciion or contract under 3 public transaction; viotation of Fadarat or State
antitrust statuies or commission of embezzlement, thett, forgery, bribery, {alsification or destruction of recards, making
zise statements, or receiving stolen property,

{c)  Are not peesently indicted far or stherwise criminally or civilly chargad by a govermnmental entity (Federal, Statz or
local) with commission of any of the offenses enumerated in paragraph (1)(b) of this cerification; and

{d)  Have notwithin a three-year periad preceding this application/proposal had one or mors public transaciions (Fedseal,
State or local) terminated {or cause or defaull.

(2) Where the prospective primary participant is unable to centiiy to any of the statamants in this certification, such prospective
participant shall attach an explanation to this proposal.

PART B: Certification Regarding Debarment, Suspension, lneligibility and Voluntary Exclusion -
Lower Tier Covered Transaciions

CHECK  _IF THIS CERTIFICATION IS FOR A LOWER TIER COVERED TRANSACTION AND IS AFPLICABLE,

{1) The prospective lower tier participant certifies. by submission of this proposal, that neither it nar iis principals is presently
debarred, suspended, proposed for debarment, declared insligible, or volurtarly excluded from paricipation in this
ransaction by any Federal department or agency.

{2} Where the praspeciive lower tier participant is unable to cecify o any of the statemants in this certification, such prospective
particinant shall attach an explanation to this proposal.

ak0t9

Marcy (355

Thix barm crupededptue (31853, UL125,
DL %85, SL1150 and Db 19ED)
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PART E: Certification Regarding Lobbying W
Certification for Contracts, Grants, Loans, and Cooperative Agreements

CHECK__IF CERTIFICATION IS FOR THE AWARD OF ANY OF THE FOLLOWING AND .
THE AMOUNT EXCESDS 3100,000: A FEDERAL GRANT OR COOFERATIVE AGREEMENT; e
SUBCONTRACT, OR SUHGRANT UNDER THE GRANT OR COOFERATIVE AGREEMENT.

CHECK__IF CERTIFICATION 1S FOR THE AWARD OF A FEDERAL
LOAN EXCEEDING THE AMOUNT OF $150,000, OR A SUBGRANT OR
SUBCONTRACT EXCEEDING $100.000, UNDER THE LOAN.

The undersigned certifies, to the best of his or her knowledge and belief, that:

{1) No Federal approoriatad funds have bean paid or will be paid, by or on behalf of the undersigned, to any person for
influencing or atternpting to influence an officer or employes of an agency, a Mamber of Congress, and officer or employes
of Congrass. or an amployee of a Mamber of Congress in connection with the awarding of any Federal contract, the making
of any Federal grant. the making of any Fadarat loan, the entaring into of any cooperative agraemeant. and the axtansion.
continuation, renewsl, amendment or madification of any Federal contract, grant loan, ar cooperative agreement.

(2) if any funds other than Federal appropriated funds have been paid or wilt be paid lo any persoen for influencing or ekempting
to influence an officer or employee of any agency, a Mamber of Congrass, an officer or amployee of Congress. or an
ermployes of a Mambar of Congress in connection with this Federal contract. grant, fozn, or cooperalive agreement, tha
undarsignad shall complate and submit Standard Form-LLL. "Disclosurs Form to Repert Labbying,” in accerdance with its
instructions.

(3} The undarsigned shall raquire that the language of this certification be includad in the award documents for all subawzards
st ail tiers (including subconiracts, subgrants. and contracts under grants, loans, end cocperative agresmants) and that zil
subracipients shall canify accordingly.

This certification is a material reprasantation of fact upon which ratiance was placed when this iransaction was madsz or en{zrad
into. Submission of this cenification is 2 praraquisite for making cr entedng inle this transaction imposed by Saction 1332 litle
31, LS. Code. Any parson who faifs to file the requirad cenification shall be subject to a civil ganally of not iess than $10.000
and not more than 3100.000 for each such failure.

As ihe authorized cenifying official, | hereby cenify that the above speciiied cedifications are rue.

L |
SIGNATURE OF AUTHORIZED CERTIFYING OFFICIAL  Nxad. oy /A

TYPED NAME AND TITLE  Raymond D. Hart, Chief of the Division of Local Assistancs

LEREEE |

ez 1935

(V41 lorm comunfulates JLI4ET, 34194L,
URIE5E, OR1ISE aad TIE9ET)
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Camplete this lomT ta disclose lobbying ictivities parsuant 10 11 US.C. 1152
(Se= reverze loc public burden dizclosure.)

L. Trpe of Federat Actiaes L Statee of Federad Actiors A Repact Types
o] * eEaEEa 1. Sidfafferapglicatian 1 I"-id-"ilsﬁﬂ‘g
=l b.graat _ B initial sward . materisl change
;: !caapm agresmment c 2 yweard For Materiad Change Qaly:
st Aast
c. loan guzrantes reLr quaner
[, loan mnsurance date of last repan

4 MName ind Addeess of Raopocting Sty

2 Prime 2 Subawirdes

.. Tier . & krigwrn

Congredzional Clstria, ¥ bnowem

S If Repocting Iatixy in Now 4 is Subawardee, Exter Narmte
and Address ol Prime

Coagressionad Districs, if zrgwn:

E. Fedeml OepantmentAzency:

7. Federa! Prograro Mame/Dezoiptiom

CFOA Number, f wagliczile:

i Federal Action Numbes, & bnow

3. Awzrd Amaunt if kngwn:
g

18 3 Mame and Addeess of Lobbying Eatry
(& edivideal, lase name, first mime, Adik

None

120010 ConracsOoe Shepef1) SE4L0 4 1f At T

b lndividimls Perfocming Services tncluding icddress o
differert from Ma. 102

(a5t mame, firse name, Mk

11, Amount of Payment (check 2ff that opdyi

$ T

i

I planned

12 Forma of Paymeent (chesk o g izodvl:
D i cash
8 5. dvekdnd: spediiy aatues

vilue

11 Trpe o Parment (check 2 thae ppévh

i retdiner

b. cretme fos

. CReuTHsHGn -
d. esadngent feg

. deferred

L atier; specin

noanonoaQ

erficiency and reduce
Valley.

14 Bridf Jescription of Services Periocmed o (o be Perfarmed and Qatcis) of Servics, inciuding oificarisl, amalayremisl.
oc demberisl cantzCed. (o Paymient tadieated in lterr 112

Conduct study and demonstration project to improve irrigation
irrigation surface runoff in the Imperial

[ELar T, o RITEY, ST - Wy Py SR e, of Aecteptimt

15, Coatincatoa Shetits) SEULLA yitcied: €3 Yes

& Na

e T, TG e vk o el e oo 11 L5
g Ty :;u_.w-dmnqumﬁ.,w-

ﬂl—n-m—AMMuthvlmzmM-msm
Ma—-—wdan—qmﬁqdw‘mmu
1 UL sy, M;-mm---nm.wm-n-cﬁqm_-
M.—u.ﬂn—.u—&.&.u—mﬂ‘wmm-ﬂ-mu
mwmm‘MmMqudemmm
Smmmmm—lwbm-ﬂiﬁmu

\-.CJ \ H .
Sign.ur.:n:: w@_\_. 0_,,, ' a
2 y
Pring Hame 2ayvmond D, Hars
Tie Coisf, Division of local Assistnance

Teicohoae Ho(916) 327-1646 5.,

P

574

ADDcOw—d by iy




Note:

Contraat No.
Exhibit A
Page 24
OMB Approval No, 0348-0040

ASSURANCES -~ NON-CONSTRUCTION PROGRAMS

Certain of these assurances may not be applicable to your project or program. [f you have guestions,

please contact the awarding agency. Further, certain Federal awarding agencies may require apphca‘nt:.
to certify to additional assurances. [ such is the case, you will be notified.

As the duly authorized representative of the applicant [ certify that the applicant:

_LQ

L3

ETS

[4}]

Has the legal authority to apply for Federal
assistance, and the institutional, managerial and
financiat capebility (including funds sufficient to
pay the non-Federal share of project costs) ta
ensure proper planning, management and com-
plecion of the project described in this application.

Will give the awarding agency, the Comoptroller
Genegral of the United States, and if appropriate,
the State, through any zuthorized represantative,
access to and the right to examine all records,
books, papers, or documents related to the award:
and will establish a proper accounting system in
accordance with generaily accepted accounting
standards or agency dirsctives.

Wiil establish safeguards to prohibit employees
from using their positions for a purpose that
constituies or presenis tne appearance of personal
or organizational conflict of interest, or personal
zain.

Will initiatz and complete the work within the
zouvlicable time {rame aiter receipt of approval of
tne awarding agency.

Witl comply with the I[nterzove n antal
,rs nnel Act of 1970 (42 U.5.C. §§ 4723-4763)
ung io prescribed standards for me:‘zt sysiams

:'m‘ orograms fundsd under one of the nineteen

S:acutes or ragulations specilfiad in Appendix A of

OPM’'s Standards for 2 Merit Systam of Personnel
Administration (3 C.F R. 900, Subpeart 7).

Wil comoly with all Federal statutes relating o
nondiserimination. These include but zre not
limited te: (a) Title
196+ {P. L. 88-352) which prohibits diserimination
on tne basis of race, color or national orig’in' (b)
Tizle [X of the Education Amendments of 1972
amended (20 U.5.C. §§ 1681-1583, and 168:}—1680),
which pronibits discrimination on the basis of zex;
{c) Szction 504 of the Rehabilitation Aczor 1973, as

mended (29 U S.C. § 794), which prohibits dis-
crimination on the basis of handizans; (d) the Age
Discrimination Ae: of 1975, as amendad (42
U.SC 3% 53101-8107), which pronibles discrim-
inatian on the basis of age;

VI of the Civil Rights Act of

(2) the Drug Abuse Office and Treatmeant Act of
1972 (P L. 82-255), as amended, relating to
nondiscrimination oa the basis of drug ahuse: (D
tha Comprenensive Aleohol Abuse and Alcoholism
Prevention, Treatment and Renabilitation Act of
1976 (P.L. 91-616), as amended, ralating to
nondiscrimination on the basis of zlcohol abuse or
aleoholism: (g) $3 523 and 527 of the Public Health
Service Actof 1912 (42 U 5.C. 290 dd-3 and 290 ee-
3), as amended, reiating to confidentiality of
alcohol and drug abuse patient records: (h) Tizle
VT of the Clvil Rights Act of 1963 (42 USC. 3
3601 et seq.), as amendad, rezlating to non-
discrimination in the sale, rental or financing of
housing: (i) any other nondiscrimination
grovisions in the spe ci"c tatute(s) under wnich
r-3

application for Fad .al sistance is being made:
zand (j) the reguirs ments of zay octher
nondiscrimination stziuta(s) wnich mav apoly 0

the zpplication.

Wil comply, or has already complied, with the
raguicements of Titlas [ and (Il of the Uniform
Ralocation Assistznce and Rzzi Proper
Acquisitian Policias Act of 1970 (P L 91-548
which provide for fair and squitabls treatmen: of
persons displaced or whose property is zequired 2s
z result of Faderatl or {adarally assisted progras
These requiremanis apply to all intereses in r2
property acguired {or oroject purposes reg _rdi
of Faderal participation in purchases

v

gt

—

]

"

po,

ui

Will comply with the provisions of the Hatch Act
(5 U.SC.381501-1508 and 7324-7328) which limic
the political ac:ivities of employses whose
orincipal employ'ne activities are {unded in
whole or in part with ¢ ede"a‘ funds.

+

Will comply, 25 applicable, with the orovisions of
she Davis-Bacon Acz (20 U.S.C. §8 2762 10 276a-
7), the Copeland Ac: (20 US.C. § 276¢c and 18
USC. 88872}, and the Contract Work tHours and
Safety Stan dwcis Act (40 U.SC. 38 327.3331.
regarding labor stzndards {or federaily assisted
construction subagreements.

Suaneseo Forrs 1249 14.38)
Prasoioed oy OMEB Coouwar 2-3072

Authorized for Lacal Reproducion

165574
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STANDARD CLAUSES -
CONTRACTS WITH THE UNITED STATES BUREAU OF RECLAMATION

Workers' Compensaton Clause. Contraetor affirms that it is aware of the provisions of Section 3700 of the California Labar Code which requics every
smplover to be insured sgainst lisbility for warkery’ compensation or 10 undertakes ssif-insurancs in accardance with the provisiens of that Cade, 2nd Contractor
afirms that it wil] comply with such provisions befors cominencing the performance of the wack under this contract. This provision shalf apply o the extent
provided by federal laws, rules and regulations.

Claims Dispute Clause. Any claim that Contractor may have regarding the periormance af this agrsement including, but not lirtited ta, clzims for additional
catmpensation or scensica of tirme, shall be submizied to the Director, Department of Water Resources, within thirty days of its accrual, State and Contraciac
shall then amempt to negotiate a resolution of sush claim and process an amendment 1o this agraement to implement the csems of any such resolution However,
Conteactor does nat waive any rights or duties it may have 35 may be provided by fxderal laws, rules and regufations.

Nondiserimination Clause. During the performance af this contract the recipicnl, contractor and its subcanteactars shall not deay the contract's benelts 1
any persen on the esis of religion, color, ethnic group icenufication, sex, ags, pavsical ar meatal disability, nor shall they dissriminate uniawiuily 2gainst 2oy
2mpleyes ot apolicant for employment because of race, religian, color national origin, ancestry, physical handicap, mencat disabiliy, medical condition, manital
stasus, agz (over 40), or ssx. Contrzcror shall insure that the evaluaton and treauneat of employezs and applicanis tor employment a¢¢ ez of such
diseriminaton. Contractar shall camaly with the provisions of the Fair Employmant ead Hovsing Act (Govarnment Cede Secdon 12900 et s23.), the
requlations promuigaied thersundar {Califnmia Administrative Code, “Tils 2, Sections 7285 0 et seq.), the pravisions of Articis 9 3, Chapter b Part i, Dission
5 Title 7 of the Governmeat Code (Gavernment Code Sesdons 11133 - 11139 3), and the regulations oc standards adopted by the awarding Statz ageacy 0
imtpleimant such artcle. Coatracter or recipient shall pesmit acaess by represenuatives of the Depantment af Fulr Employmeat and Housing aad the awarding
Sate ageacy ugan reasonadle notics 2t any ime during the aocral businass hours, DUt in oa ease less than 24 hours' sodice, to such af its boaks, records
secounts. other soursss of indnrmation ead its faciiitivs 1s said Depariment or Agzacy shall tequirs to 2szartain compliznce with this clause. Recipient
Cuntraciar and its subcontractors shall give wricten notiee of their obligations under this clauss labor organizations with which they have 2 collsciive
bargaining or other agrezment. The Cantrastor shail include the nondissrimination and compliance provisions of this clause in all subcontracts © secfacm work
undec the sontract,

Availabitity of Funds. Wack to e performed under this Zontract is subject 0 availabilicy of dunds through the Staw's sarmal budget process.

Sudit Clause. Taor coniracis in sxcass of 510000, unless othenwise orovidsd by fderal laws, rules or reguiztions he contracting parties shail be subjoes 10 e
exaeninatien 2nd audiz of the Stats Audicar for 2 pecied of three yeacs afer fnak payment under the zontrast, {Gravsrament Cade Sention 3345 7)

Pavment Retention Clause. Tea percent of any prograss gaymants that may be provided for undar this concract shall be withheld per Public Coetract Cocz
Seotions 10346 and 10379 peading satisfaciory compledion of 2il services undsc the coatiact

Reimbursement Clause, if appiiczble, travel and per diem 2xpenses 0 be reimbursed under this contract shall be at the same caies the Stace provides for
unrzgresentad smpiovaes in accordance with the provisions of Titte 1. Chapter 3, of the Califsenia Code of Ragulaticas Contrector’s designated hoadguarters
far the purposs of computing such expenses shall be: Sacramenco, CA

Americans Wicth Disabilices Act 3y signing this contract Cantractor assuess the State that it complies with the Americans With Disabilities Act (ADA) of
1999, (22 4.8 2 12104 20 s2a.), which prohibits dissriminatian on the basis o disanility, as well as ail applicable regulations aad guidelines issuzd purskant

tie ADAL

Conflict of tnterest. Current Staie Smplavess: 2) No State alficer or employes shzii angage in any employmeny, sctivity o snierpnss Fom which the officar oc
zmployes recaives campensation er has 3 doansial intecest and which is sponsored or fuaded Dy 2ny S agzncy, ualesz the smpievment activity or 2nwemas:
is :equiced 25 2 cordition af regular Siats smployment, b) No Siate otficsr or employze shall contsact on his or Aec avm dekaifas an indegendent contraciac with
any Stais agency w provide goods o sarvicss,

Farmer State Employees; 2) Fac the two-yezr pered fram the date he oc she le Stats smoloyrment, ao formes: Statz afficer ar empioves may ey o o coniras:
i which he or she engaged in 2ny of the negotiadeas, ransactions, slanaing, srangements oc any part of the desision-making process ralevant o the tonmact
witile emplovad in any capacity by zuy Stats agsncy. b) For the twslve-month peeicd from the dats ke or she le Stato employmrent, ag former State olffesr or
smoioyes may salct iatg 2 cocireat with sny Siadz 2geasy iIhe or she was amgloy=d by that State agzncy in & palicy-making podition i the same goneral
subjest ares as the proposd coatrnas within the tweivs.month geried prios io his or her lesving Staie ssrvice,

VIR 4
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STATE OF CALIFORNIA
INTERAGENCY AGREEMENT
7D, 12 (REV. #69)
THIS AGREEMENT s entered Into this 15t+h  dayof June 1805,

by and batween the undaraignaed State Agencies:

sat forth services, materials, or equipment to be Jumished, of work to be parfarmead, and by whom,
ime for parformanca Incitding the tarms, date of commencement and date of completion, and provision
{or payment par {1225 and 8752-8732.1 SAM.)

This study will focus on the development and demonstration of a new method to
predict irrigation cutoff time from pre-determined soil molsture status of the clay soil of
interest, Issues related to salinity, irrigation management, and water quailty will also be
addressed in the project including crop coefficients for alfalfa and sudan grass. Since
soil salinity and water management are effected by water table depth, a major part of
this study will be to quantify the effects of water table control on soil salinity, water
inflitration rates, and irrigation efficiency. The study wilt ba conducted over three years
in order {o observe cumulative aspects of reduced water table depth on soll salinity and
consumptive water use.

[Cantinued on 4
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The Regents of the University of California
Coniract No. B-80560
Page 2

Conduct a research and demonstration project that will:
1. improve irrigation efficiency,

2. reduce surface runoff, %

3. determine the contribution of shallow saline water tables to cr%

evapotranspiration in heavy clay soils, @
4. determine the effect of water table control on irrigatio agement and
consumptive use of water by alfalfa and sudangrass (inclu crop coefficients for

alfalfa and sudangrass),

5. develop a relatively simple approach to predict irrigation cutoff time from pre-
determined soil moisture measurements,

6. increase the utilization of CIMIS for irrigation scheduling,

7. develop a user-friendly computer program and irrigation management
spreadsheets for efficient irrigation management practices,

8. publish a handbook about the best management practices for reducing surface and
subsurface drainage water, and

9. conduct field days, demonstrations, seminars, and publish results in both popular
and scientific media,

Section Three: Workplan
. sudangrass planted for three successive years on the same ground
(Field No. 1)

. sudangrass planted in March and harvested in October
. alfalfa planted in October 1995 (duration of crop: 3 years, Field No. 2)
water table lowered from 5 to 15 ft in upper 500 ft of field No. 1

(sudangrass)
. tile drains blocked in upper 500 ft of field No. 2 (alfalfa)

. hay vield at each cutting (weighing bales In fieid)



The Regents of the University of California

Coniract No. B-80560
Page 3

. infiltration rates and irrigation performance characteristics will be
evaluated for each treatment throughout the experiment

° soil samples for chemical analysis will be collected throughout the
experiment

. drainage flow rate will be monitored

° surface runoff will be evaluated and water samples will be collected on
a regular basis

. water table elevation and salinity will be monitored on a regular basis
(32 observation wells in each fleld)

° consumptive water use is determined between irrigations

° ANOVA and time series analysis methods will be used to determine

statistical parameters of concern in the experiments

Section Four: R biliti

The project managers will be Khaled M. Bali of the University of California
Cooperative Extension, and Fawzi Karajeh of the Department of Water Resources,
Water Conservation Office,

ves .

The term of this contract is from June 15, 1995 through December 31, 1998,
but, the agreement shall not be effective until the final approval by the Department
of General Services. The cost of the project, subject to availability of funds from all
[unding participants, shall not exceed $137,397.

If any party reduces its funding level, DWR will reduce the total cost of the
project by the same amount.

A Project Advisory Committee consisting of representative(s) of DWR as the
project manager, UCRs as the contractor, USBR and IID as cooperative agencies, will
be formed to oversee the project development.

1. The state agrees to pay the contractor an amount equal to the latter’s cost of
performance not to exceed $137,597 in accordance with 8752 of the State
Administrative Manual. Schedule of payments will be as follows:
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The Regents of the University of California
Confract No. B-B0560

Page 4

First Progress Report February 28,1996 25,000,
Second Progress Report (annual) December 31, 1996 25,000.
Third Progress Report May 31,1997 25,000.
Fourth Progress Report (annual) December 31, 1997 25,000.
Fifth Report May 31, 1998 25,000,

Final Progress Report December 31, 1998 12,597,

2. Ten percent of any progress payments that may be provided for under this
contract shall be withheld pending satisfactory completion of all services under the
contract.

3. Payments shall be made in arrears after receipt of satisfactory reports and invoices
and shall include DWR's coniract number and should be submitted gf contractor’s
letterhead stationary in triplicate to:

Department of Water Resources

Water Conservation Office
1020-Ninth Street, Third Floor

Attention: Fawzi Karajeh %
Sacramento, CA 95814

ection H ation

1. The contractor shall submit five progress reports and a final report as described in
section six. Por each report, three hard copies, a master copy, and a copy on disk shall
be sent to:

Department of Water Resources
Water Conservation Office
1020-Ninth Street, Third Floor
Attention: Fawzi Karajeh
Sacramento, CA 95814

2. The contractor will be asked as the project progresses to give verbal progress
reports to the project advisory committee and/or the agricultural water
management subcommittee at least two times a year and not to exceed four times a
year.

TQ137 Mo 0Gz ¢
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CA DWR WTR CONSERY OFC ID:915-327

The Regents of the University of California
Contract No. B-80560
Page 5

3. Either party shall be free to use, release, make a presentation, or publish all or part
of the data and results of the study or the reports. In doing so, each party must give
credit for the contribution of the other,

Section Eight: Agreements

1. It is further agreed that the state, by fact of this agreement, makes no
commitments nor incurs any liability, monetarily or otherwise, to any cooperators
or sitbeontractors solicited or hired by the contractor for Interagency Agreement No,
B-80560. It shall be the contractor’s sole responsibility to complete all tasks and
deliver the reports as required by this contract at the cost herein stated.

2. The cooperators agree to proceed with this contract due to time constrain to
initiate field work and to take advantage of the coming irrigation season. Itis
provide that the scope of this work be expanded to additional task(s) to cover on-
farm field data collection and analyses. In such event, upon mutual agreement of
all cooperators, the coniractor agree to undertake such work. Additional study
task(s) may be done through an amendment to this contract or through new one.
The addltional cost of such new task(s) will be negotiated at that time with the

contractor. | ﬁ

Exhibit A, The standard clauses, are attached and hereby made a part of this %’“

agreement.
Exhibit B, The Contractor’s Proposal, is attached and hereby made a part of is%
agreement.

1032 Mo . GO% &,



State of Callfornia

STANDARD CLAUSES -

INTERAGENCY AGREEMENTS
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B~805&40
A

Agreetimmil No.

Exdiibit

Audit Clause. For contracts in excess of $10,000, the contracting parties shall be subject to the examination and audit of the
State Auditor for a period of thres years after final payment under the contract. (Government Code Section 8546.7).

Availability of Funds. Work to be performsed under this contract is subject 1o availability of funds through the State’s normal

budge! process.

Interagency Payment Clause. For services provided under this agresment, charges will be computed in accordance with State
Administative Manual Section 8752 and 8752.1.

'{)cxr"‘\“:j

3
Termination Clause. Either &%m may terminate this contract upon 30 days advance written notice. The State-agensy
providing the services shall be reimbursed for all reasonable expenses incusred up to the date of termination.

'WR 4187 (Rev. 9/95)
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Receivable Agreemant No., 165574
Between
The California Department of Water Resources
and
The United States Bureay of Reclamation, Lower Colorado River

and
The Imperial {rrigation District ‘@’\q

For _ Qﬁ%
Cooperation to Fund

Irrigation and Drainage Management and Surface Runoff Reduction in the &
imperial Vallay Project %
To Be Conducted
By
The Regents of the University of California

THIS AGREEMENT, entered into this 15th day of June 1995 by and between
CALIFORNIA DEPARTMENT OF WATER RESOURCES (hereinafter called the
“State”), The United States Bureau of Reclamation, Lower Colorado River (hereinaiter
called the “USBR"), and The Imperial Irrigation District (hereinafter called the *|ID"),
WITNESSETH THAT:

WHEREAS, Irrigation and Drainage Management and Surface Runoff Reduction
in Imperlal Valley (hereinafter called the ‘project”) was called for by the State and
prepared by the UC Regents and later reviewed and discussed by the above parties
and revised by the UC Regents.

PURPOSE OF THE PROJECT, this project will focus on the devslopment and
demonstration of a new method to predict irrigation cutoff time from pre-determined soil
moisture status of the clay soll of inferest. Issues related to salinity, irrigation
management, and water quality will also be addressed in the project. Since soil salinity
and water management are affected by water tabie depth, a major part of this study will
be to quantify the effect of water table control on soil salinity. The study will be
conducted over three yaars in order to observe cumulative consumptive water use. The
purpose of this project will be achieved according to the Contract B-80560 Saction Two.,

TERMS AND COSTS OF THE CONTRACT, the term of this contract is from
June 15, 1985 through December 31, 1898. The cost of the project, upon the availability
of funds from all funding participants, shall not exceed $137,587 and is to be paid:
$61,300 the State share from fiscal year 1994/1995 budget
$61,300 the USBR shars from money received by DWR from USBR
$14,997 the lID share from money received by DWR from 11D
If any party reduces its funding level, DWR will reduce total cost of the project by that
amount.

RESPONSIBILITIES, the State will manage the project under Contract B-80580.
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The contractor will submit fo DWR an original of five progrgsjs\ Eéports and a final report

with copies to both USBR and DWR according to the schedule stated in the
Contract B-B0O560 Section Seven.

AGREEMENT, the cooperators agree to proceed with this contract due to time
constralnt, to inltlate fleld work, and to take advantage of the coming imrigation season.
It is provided that the scope of this work be expanded to additional task(s) to cover on
farm field data collection and analyses. In such event, upon mutual agreement of all
parties, the Regents of the University of California agreed to undertake such work per
Contract No. B-80560. Additional study task(s) may be done through an amendment to
this contract or through a new one. The additional cost of such new task(s) will be
negotiated at that time with the University of California Regents,

It is also agreed that either party shall be free to uss, release, make a
presentation, or publish all or part of the data and results of the study or the reports. In
doing so, each party must give credit for the contribution of the other.

The parties hereto have executed this Agreement as of the day and year first
written.

THE CALIFORNIA DEPARTMENT OF WATER RESOURCES

By DK
Raymond D. Hart, Chief
Division of L.ocal Assistance %
!
THE UNITED STATES BUREAU OF RE TION, LOWER COLORADO RIVER
By Data
Gary Bryant

Area Manager

THE IMPERIAL IRRIGATION DISTRICT

By " Date
Jesse P, Silva
Water Manager
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COOPERATIVE EXTENSION Daord
UNIVERSITY OF CALIFORNIA Sdepe K,
IMPERIAL COUNTY ceae
1050 E. HOLTON ROAD, HOLTVILLE, CA §2250-9615
Telephone (619) 352-9474 EAX Number (619) 352-0846

E-mail: kmbali@ucdavis.edu

% oY 2 6 G
Kha] . Bali : :
Fam/‘!adx;iddvisor e
Irrigation/Water Management

- ———
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UNIVERSITY OF CALIFORNIA

BERKELEY + DAVIS » {RVINE « LOS ANCELES »

RIVERSIDE »

SAN DIECO + SAN FRANCISCO

OFFICE OF THE VICE PRESIDENT -
AGRICULTURE AND NATURAL RESOURCES

Dr. Fawzi Karajeh

Program Manager, Agricultural Drainage Reduction

Office of Water Conservation

California Department of Water Resources

1020 Ninth Street, 3" Floor
Sacramento, CA 95814

SANTA BARBARA + SANTACRUZ

QFFICE OF THE PRESIDENT

Division of Agriculture and Natural Resources
300 Lakeside Drive, 6th Floor

Oakland, California 94612-3560

November 7, 1997

On behalf of The Regents of the University of California and Vice President W.R. Gomes,
enclosed is a copy of the proposal entitled "Irrigation and Drainage Management and Surface
Runoff Reduction in the Imperial Valley; On-Farm Irrigation Management and Surface Runoff
Reduction". The Project Leader is Khaled Bali, Cooperative Extension Farm Advisor located in

Imperial County,

Any questions concerning the project work should be directed to Mr. Bali at (619) 352-9474.
Questions regarding administrative matters such as contracts or other award documents should be
directed to my attention at: University of California, Division of Agriculture and Natural
Resources, 300 Lakeside Drive, 6" Floor, Oakland, CA 94612-3560.

Sincerely,

Lol

arol Berman
Contracts and Grants Coordinator
(510) 987-0050
/ht

c: K. Bali/Imperial County

R. Gonzalez/Imperial County

A. Smith

without enclosure
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COOPERATIVE EXTENSION
UNIVERSITY OF CALIFORNIA
IMPERIAL COUNTY

1050 E. HOLTON ROAD
HOLTVYILLE, CA 91250-9615
TELEPHONE . FAX NUMBER
{619} 352-9474 (619) 3510846

October 28, 1997

Dr. Fawzi Karajeh

Program Manager, Agricultural Drainage Reduction
Office of Water Conservation

California Department of Water Resources

1020 Ninth Street, 3rd Floor

Sacramento, CA 93814

Dear Dr. Karajeh:

Enclosed please find a copy of our research proposal, "Irrigation and Drainage Management and
Surface Runoff Reduction in the Imperial Valley; On-Farm Irrigation Management and surface
Runoff Reduction" which we are submitting for review by your office. The attached project is our
proposed extension of our current research and demonstration project in irrigation management
in the Imperial Valley.

The objective of the attached amendment is to expand the current project to include commercial
fields. The main focus of this study is to develop and demonstrate the use of a volume balance
method to predict irrigation cutoff time to reduce surface runoff in the Imperial Valley. The
proposed amendment is a result of our discussion with our current Project Advisory Committee,
11D, USBR, and your office. I have sent a draft of the attached amendment to IID and USBR and
have revised the scope of work to reflect their recommendations.

The focus of this proposed expansion is to evaluate the potential benefits and risks associated with
the adaption of our runoff reduction method. The project is also designed to evaluate the
performance surface irrigation systems under the current irrigation practices in the Imperial
Valley. The specific objectives of this project are outlined on page three of the attached proposal.

Currently, we are monitoring ten commercial alfalfa fields (five locations) for potential inclusion
in the study, These fields were selected by the IID. The budget of the attached amendment covers
the costs of studying eight alfalfa and sudangrass fields ranging in size from 30-80 acres per field.
We feel that the information generated from monitoring eight fields will be adequate to achieve
the objectives of the project. However, we will consider the possibility of reducing or increasing
the number of fields that will be included in this study. In order for us to proceed with the
attached work plan, we would like to get a response from your office and the cosponsor of the
project (IID and USBR) by December 31, 1997.
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Dr. Karajeh

Please let me know if you have any further questions or comments (Tel: 760-352-9474, Fax: 760-
352-0846, E-mail: kmbali@ucdavis.edu). Thank you for your time and consideration.

Sincerely, ¢
e

Khaled M, Bali
Farm Advisor
Irrigation/Water Management

c: Eldon Moore, IID
Imperial Irrigation District
P. O. Box 937
Irnperial, CA 92251

Steve Jones, USBR

USBR, Water Conservation & Advisory Center
Lower Colorado Regional Office
P O BOX 61470
Boulder City, NV 89006-1470



Project Title: On-Farm Irrigation Management and Surface Runoff Reduction

Location: Imperial Valley
Duration: November 16, 1997 to December 31, 2000
Budget: The current project (July 1995-December 1998) is funded by California

Department of water Resources (DWR), United States Bureau of
Reclamation (USBR), and Imperial Irrigation District (IID). The cost of
this Amendment will be covered by IID for the alfalfa fields (subject to
IID’s approval) and by USBR for the sudangrass fields (subject to
USBR’s approval)

Amendment to:

Irrigation and Drainage Management and Surface Runoff Reduction

Principal Investigators:

Cooperators:

in the Imperial Valley

Khaled M. Bali, Ph.D,

Farm Advisor, Irrigation/Water Management

University of California Cooperative Extension

UC Desert Research and Extension Center

1050 E. Holton Rd., Holtville, CA 95616-9615

(760) 352-9474  Fax: (760) 352-0846 E-mail: krbali@ucdavis.edu

Mark E. Grismer, Ph.D.

Professor, Hydrologic Science, Veihmeyer Hall

Land, Air and Water Resources

University of California, Davis, CA 95616

(916) 752-3243 Fax: (916) 752-5262 E-mail:megrismer@uedavis.edu

Richard L. Snyder, Ph.D.

Bioclimatologist, Atmospheric Science, Hoagland Hall
University of California, Davis, CA 95616

(916) 752-4628 Fax: (916) 752-1552

Juan N. Guerrero, Ph.D.

Farm Advisor

UC Desert Research and Extension Center

1050 E. Holton Rd., Holtville, CA 95616-9615
(760) 352-9474  Fax: (760)352-0846
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I Introduction:

Colorado River water is the only source of irrigation and drinking water in the Imperial
Valley. About 2.8-3.0 million acre-feet of water are used every year to irrigate more than
500,000 acres of lands in the Imperial Valley. Approximately 17% of the delivered irrigation
water in the Imperial Valley becomes tailwater runoff, All surface and subsurface drainage
water enters the Salton Sea which has been serving as a drainage sink for the Imperial and
Coachella Valleys since its formation in 1905. The Salton Sea continues to exist because of the
drainage water from agriculture in Imperial and Coachella Valleys as well as flow of
agricultural drainage and untreated and partially treated sewage from the Mexicali Valley.
Because of drainage and its impact on the Sea, several water quality issues exist in the Imperial
Valley for which water"conservation plays a role.

The objective of the current project is to conduct a research and demonstration program that
will improve irrigation efficiency, reduce surface runoff, utilize the shallow saline water table
for new and improved irrigation and drainage management practices, determine crop
coefficients for two common field crops (alfalfa and sudangrass) and increase utilization of
CIMIS for irrigation scheduling. The focus of the current project is on the development and
demonstration of a new method to predict irrigation cutoff time from pre-determined soil
moisture status of the clay soil of interest. Issues related to salinity, irrigation management,
and water quality will also be addressed in this project. Since soil salinity and water
management are affected by water table depth, a major part of this study will be to quantify
the effect of water table control on soil salinity, water infiltration rates, and irrigation
efficiency. To observe cumulative effects of water table on soil salinity and consumptive water
use, this study is conducted for three years (1995-1998). Early results from this research
and demonstration project show a reduction in alfalfa yield in the second year as a result
of a combination of surface runoff reduction and one-irrigation per cutting irrigation
treatment. However, a significant amount of water was saved as a result of reduced
surface runoff and ome-irrigation per cutting treatment. Sudangrass yield was not
affected as a result of the surface runoff reduction treatment which resulted in significant
water savings.

The objective of this Amendment is to expand the current project to include commercial fields.
The main focus of this study is to develop and demonstrate the use of a volume balance

method to predict irrigation cutoff time to reduce surface runoff to approximately 5% or less
of the applied water, Issues related to salinity, hay yield and quality, and water quality will be
addressed in this project. Our work will focus on field crops, specifically alfalfa and
sudangrass. Field crops account for almost 80% of the 500,000 acres of irrigated land in the
Imperial Valley and alfalfa and sudangrass rank first and third, respectively, in terms of
harvested acreage of field crops (1996 Imperial County Agricultural Crop and Livestock
report). These two major field crops were grown on more than 244,000 acres of irrigated lands
in the Imperial Valley in 1996.
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2 Objectives:

The specific objectives of this Amendment are:

I- Determine the best management practices (BMP's) for surface runoff reduction in heavy
clay and silty clay soils of the Imperial Valley.

2- Determine the crop coefficients for alfalfa and sudangrass under current irrigation practices
in the Imperial Valley.

3- Determine the crop coefficients for alfalfa and sudangrass under deficit and reduced runoff
irrigation practices in the Imperial Valley.

4- Determine the contribution of shallow saline water tables to crop evapotranspiration in
heavy clay and silty clay soils of the Imperial Valley.

5- Determine the effect of deficit and reduced irrigation practices on hay yield and quality.

6- Evaluate the effect of deficit and reduced irrigation practices on soil salinity and water
quality,

7- Develop a relatively simple approach to predict irrigation cutoff time from pre-determined
soil moisture measurements for light and heavy soils of the Imperial Valley.

3 Procedures

3.1 Irrigation treatments

A total of four to six locations will be selected to conduct this experiment. The budget of this
amendment is for two alfalfa locations and two sudangrass locations. Each location will
contain two fields (30-80 acres). Each location will contain two irrigation treatments: standard
irrigation (Field A) and a level of reduced irrigation treatment (Field B). Irrigation scheduling
will be determined by the grower for the standard irrigation treatment (Field A) and by the
project for the reduced irrigation treatment (Field B). The project will determine and order the
water needed, through the grower, for the reduced irrigation treatment.

3.2 Alfalfa

3.2.1 DPossible alfalfa locations

- Alamitos 27
Area: Field A: 35 acres, Field B: 35 acres
Soil type: 110, 115, and 122
Grower: Labrucherie

- Elder 12 & 14
Area: Field A: 75 acres, Field B: 72 acres
Soil type: 110 and 115
Grower: Leimgruber

- Holt 86
Area: Field A: 69 acres, Field B: 69 acres
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Soil type: 110 and 115
Grower: Strahm

- North Date 72 ‘
Area: Field A: 35 acres, Field B: 35 acres
Soil type: 114, 115, and 122
Grower: Newside

- North Date 59
Area: Field A: 70 acres, Field B: 70 acres
Soil type: 110 & 115
Grower: Black Dog

Soil types: Holtville silty clay, wet (SCS soil type 110), Imperial silty clay, wet (SCS soil type
114), Imperial-Glenbar silty clay loams, wet (SCS soil type 115), and Meloland very fine
sandy loam, wet (SCS soil type 122)

Alfalfa growing season (October 1997 - October 2000)

Planting rates and dates: Alfaifa will be planted in October or November 1997,

Pest control and harvesting: According to the commercial practices of alfalfa production in
Imperial Valley.

Location 1 Alfalfa (fields A & B)

Field A: Standard irrigation practices in the Imperial Valley. All irrigation and cultural
practices will be determined by the cooperating grower. The cooperating grower is expected to
inform the project contact person of irrigation dates and hay cutting/baling dates at least 24
hours prior to each event.

Measurements:
Project staff and IID will measure the amount of applied water, surface runoff, and hay
yield. Project staff will take the necessary measurements to evaluate irrigation
efficiency, water use efficiency, hay yield and quality (crude protein, acid detergent
fiber, and neutral detergent fiber). The following parameters will be determined:
- Average depth of applied water
- Soil moisture content prior to and after each irrigation event
- Water table depth prior to and after each irrigation event
- Water table salinity and chloride concentration prior to and after each irrigation event
- Surface runoff water during and after irrigation events
- Soil salinity (twice a year)
- Soil chloride content (twice a year)
- Average yield after each cutting
- Hay quality (twice a year)
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- Drainage water salinity and chloride content
- Estimate of drainage outflow

Field B: Reduced irrigation treatment 1. Standard irrigation practices in the Imperial Valley
except that runoff will be reduced from the current average of 17% of applied water to less
than 5% of appiied water after stand establishment. All irrigation and cultural practices will be
determined by the cooperating grower except that the project will determine and order the
amount of water needed for irrigation. The cooperating grower is expected to inform the
project contact person of irrigation dates and hay cutting/baling dates at least 24 hours prior to
each event.

Measurements:
Project staff and IID will measure the amount of applied water, surface runoff, and hay
yield. Project staff will take the necessary measurements to evaluate irrigation
efficiency, water use efficiency, hay yield and quality (crude protein, acid detergent
fiber, and neutral detergent fiber), The following parameters will be determined:
- Average depth of applied water
- Soil moisture content prior to and after each irrigation event
- Water table depth prior to and after each irrigation event
- Water table salinity and chloride concentration prior to and after each irrigation event
- Surface runoff water during and after irrigation events
~ Soil salinity (twice a year)
- Soil chloride content (twice a year)
- Average yield after each cutting
- Hay quality (twice a year)
- Drainage water salinity and chloride content
- Estimate of drainage outflow
To account for soil spatial variability one set of borders in this treatment will be
irrigated similarly to treatment A,

Location 2 alfalfa (fields A & B)
Field A: Same as field A in Location 1 alfalfa

Measurements:
Same as field A in Location 1 alfalfa

Field B: Reduced irrigation treatment II. Standard irrigation practices in the Imperial Valley
except that runoff will be reduced from the current average of 17% of applied water to less
than 5% of applied water after stand establishment and one irrigation per cutting
between July and September. All irrigation and cultural practices will be determined by the
cooperating grower except that the project will determine and order the amount of water
needed. The cooperating grower is expected to inform the project contact person of irrigation
dates and hay cutting/baling dates at least 24 hours prior to each event.
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Measurements:
Same as field B in Location | alfalfa
Location 3 alfalfa (fields A & B)
This is an additional possible location (not covered by the attached budget)
Field A: Same as field A in Location 1 alfalfa

Measurements:
Same as field A in Location 1 alfalfa

Field B: Reduced irrigation treatment III. Standard irrigation practices in the Imperial Valley
except that runoff will be reduced from the current average of 17% of applied water to less
than 5% of applied water after stand establishment and one irrigation per cutting after
the first cut and December 1998. After December 1998, we will resume the standard runoff
reduction on this treatment. All irrigation and cultural practices will be determined by the
cooperating grower except that the project will determine and order the amount of water
needed. The cooperating grower is expected to inform the project contact person of irrigation
dates and hay cutting/baling dates at least 24 hours prior to each event.

Measurements:
Same as field B in Location 1

3.3 Sudangrass:

3.3.1 Possible sudangrass locations

Sudangrass locations will be selected in March 1998

Sudangrass growing season (April - November)

Planting rates and dates: Sudangrass will be planted in April 1998.

Pest control and harvesting: According to the commercial practices of sudangrass production in
Imperial Valley.

The experiment will be conducted on the same ground for three years (April 1998- December
2000). The cooperating grower will grow sudangrass in 1998 and sudangrass or any other crop
after the first year for the duration of the study (according the commercial cultural practices in
the Imperial Valley).

Location 1 sudangrass (fields A & B)

Field A: Standard irrigation practices in the Imperial Valley. All irrigation and cultural
practices will be determined by the cooperating grower. The cooperating grower is expected to
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inform the project contact person of irrigation dates and hay cutting/baling dates at least 24
hours prior to each event.

Measurements:
Project staff and IID will measure the amount of applied water, surface runoff, and hay
(or crop) yield. Project staff will take the necessary measurements to evaluate irrigation
efficiency, water use efficiency, hay yield and quality (crude protein, acid detergent
fiber, and neutral detergent fiber). The following parameters will be determined:
- Average depth of applied water
- Soil moisture content prior to and after each irrigation event
- Water table depth prior to and after each irrigation event
- Water table salinity and chloride concentration prior to and after each irrigation event
- Surface runoff water during and after irrigation events
- Soil salinity (twice a year) .
- Soil chloride content (twice a year)
- Average yield after each cutting (or crop harvest)
- Hay quality (twice a year)
- Drainage water salinity and chloride content
- Estimate of drainage outflow

Field B: Reduced irrigation treatment I. Standard irrigation practices in the Imperial Valley
except that runoff will be reduced from the current average of 17% of applied water to less
than 5% of applied water after stand establishment. All irrigation and cultural practices will be
determined by the cooperating grower except that the project will determine and order the
amount of water needed for irrigation. The cooperating grower is expected to inform the
project contact person of irrigation dates and hay cutting/baling dates at least 24 hours prior to
each event. ‘

Measurements:
Project staff and IID will measure the amount of applied water, surface runoff, and hay
(or crop) yield. Project staff will take the necessary measurements to evaluate
irrigation efficiency, water use efficiency, hay yield and quality (crude protein, acid
detergent fiber, and neutral detergent fiber). The following parameters will be
determined:
- Average depth of applied water
- Soil moisture content prior to and after each irrigation event
- Water table depth prior to and after each irrigation event
- Water table salinity and chloride concentration prior to and after each irrigation event
- Surface runoff water during and after irrigation events
- Soil salinity (twice a year)
- Soil chloride content (twice a year)
- Average yield after each cutting (or crop harvest)
- Hay quality (twice a year)
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- Drainage water salinity and chloride content

- Estimate of drainage outflow

To account for soil spatial variability one set of borders in this treatment will be
irrigated similarly to treatment A,

Location 2 sudangrass (fields A & B)
Field A: Same as field A in Location | sudangrass

Measurements:
Same as field A in Location 1 sudangrass

Field B: Same as field B in Location | sudangrass

Measurements:
Same as field B in Location 1 sudangrass

3.4 Al alfalfa and sudangrass locations (Fields A and B)

We will evaluate the irrigation efficiency of each field by taking advance, runoff, and flow
rate measurements and total applied water and surface runoff water. Soil moisture distribution
in at least two borders will be evaluated using a neutron probe or a similar device. A total of
16 9-ft neutron probe (or a similar device) access tubes will be installed in each field to
characterize soil moisture distribution in the field. Moisture measurements will be taken at
depths of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 7.0, 8.0, and 9.0 ft prior to and
approximately two days following each irrigation event. Gravimetric soil moisture samples
will be taken in the 0-6" depth range. Evapotranspiration estimates during and two days
following irrigations will be obtained from the closest CIMIS weather station and will be
added to the difference in soil moisture prior to and following each irrigation event. Soil
samples will be taken twice a year from each field at various depths (0.5, 1.0, 1.5, 2.0, 2.5,
3.0, 3.5, 4.0, 4.5, 5.0, 6.0 ft) to evaluate soil salinity before the first cut and throughout the
project. A total of 16 10-ft observation wells will be installed in each field next to access tube
locations. Water samples from each well will be taken for chemical analysis of the shallow
groundwater throughout the project.

Alfalfa or sudangrass yield will be determined for each cutting (bales in the field as well as
small sections of alfalfa or sudangrass yield next to each access tube location). Statistical
methods of evaluation will involve the use of ANOVA and time series analysis software.

Advance time will be recorded every 100 ft along the selected borders. The commonly used
Kostiakov and modified Kostiakov equations
z=kt' and H
z=Kkt*-+ct, respectively, )
where z is the depth of water infiltrated, t is the intake opportunity time, k and a are empirical
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constants, and ¢ is the steady infiltration rate, and other infiltration function will be used as
needed to simulate border irrigation performance in a volume-balance model. Infiltration
function parameters k and a will be obtained for each irrigation and each border from advance
data using a power advance function of the form

X=pt’ 3
where X is the advance distance (m), t is the advance time (min), and p and r are fitted
parameters, The above power advance function will be used to predict the infiltration function
parameters k and a of the Kostiakov equation using the two-point method. Simulated and field-
measured irrigation performance characteristics of border irrigation (application efficiency,
distribution uniformity, surface runoff, deep percolation, and depth infiltrated) will be
evaluated for all irrigations using spatially averaged and temporally variable infiltration
characteristics. )

4 Surface Runoff Reduction Method

Irrigation scheduling can be based on a relatively simple technique that predicts the cutoff time
necessary to minimize runoff and to improve water use efficiency. While the method is
applicable for all soils, it works best in heavy clay soils. The method is a combination of a
volume balance model and a two-point measurement method.

The main objective in heavy clay soils is to have enough water to fill cracks with little or no
runoff. The cutoff time can be calculated for a given border using a volume balance model
where the total volume of water applied equals the surface storage and the subsurface storage.
At any time (t) the volume applied, V, is

V=0xt_

Where Q is the inflow rate in cubic feet per second (cfs) and t, is the time in minutes. The
surface storage (SY) equals the product of the average depth of water and the area covered by
water

SYzoy*d*w *[_

where o, is the surface shape factor (0.6-0.8), d is the depth of water at the water inlet in feet,
w is the width of border in feet, and 1, is the advance distance at time t,.

The subsurface storage (SZ) equals the product of the average depth stored and the area

covered by water. Earlier in the irrigation, soil cracks dominate the process of infiltration and
the volume of the subsurface storage is essentially the volume of cracks. Thus,
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SZmz*w*!x

where z is the average depth stored below the soil surface in feet, and w and |, are as defined
earlier. The total volume, V, is the sum of the surface storage and subsurface storage:

V=SY+58Z

The average depth stored below the surface can be found at any time, t,
Q*t;(cy*d*w *[ ) +{zrw*l )

. (@t -0, *dxw+l)

(w*lx)

when z is known, the time of cutoff, t, can be determined to minimize runoff, The total
volume applied (Q*t..) equals to the volume stored:

Ot =wrL*z

_(w=*L+2)
where L is the total length of the border.
The following information is needed to determine cutoff time:

1- Border length and width in feet,

2- Average flow rate in cfs.

3- Depth of the water at the inlet (or soil roughness),

4- One or two points of water advance with time along the border.
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5 BUDGET:

Salaries

(2 SRA step 1: $27,468/yr per FTE,
2 Lab Asst step II: $21,660/yer per FTE)
Benefits (28% of salary)

Subtotal

Equipment

Soil augers

Computer and printer

Salinity & Jon electrodes

Neutron probe/soil moisture
measuring devices

2 County/University trucks

Subtotal

Supplies
Irrigation & soil sampling supplies
Reagents and chemical supplies
Radiation use authorizations
and training on Neutron probe

Subtotal
Travel
To present findings and for travel

to/from UCD.

Total direct cost

Indirect cost (10% to all except equipmenl)

Total

1997+
(Nov-16 - Dec. 31)

$12,282
$3,439

$15,721

$15,721
$1,572

$17,293

1998

$98,256
$27,512

$125,768
$500
$2,500
$2,600

$4,500
$13,800

$23,900
$3,500
$2,400
$1,400

$7,300
$1,200
$158,168

$13,427

$171,595

1999

$103,169

$28,887

$132,056

$300

$14,490
$14,990
$2,500
$2,600
$1,500

$6,600

- $1,300

$154,946
$13,996

$168,942

Two alfalfa locations (4 fields) and two sudangrass locations (4 fields)

2000

$108,327
$30,332

$138,659

$15,215
$15,215
$2,500
$2,600
$1,600

$6,700
$1,400
$161,974

$14,676

$176,650

Total

$322,034
$90,170

$412,204
$1,000
$2,500

$2,600

$4,500
$43,505

$54,105
$8,500
$7,600
$4,500

$20,600
$3,800
$490,809

543,671

$534,480
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